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REACTION OF DIENE HYDROCARBONS WITH NITROSO COMPOUNDS 
ADDITION OF 1,3-PENTADIENE TO NITROSOBENZENE 


Yu. A. Arbuzov and T. A. Pisha 
(Presented by Academician A, N. Nesmeyanov, April 19, 1957) 


It had been shown earlier that conjugated diene hydrocarbons react with aromadc altroso compounds by 
by the diene synthests scheme with the formation of 3,6-dthydro-1,2-oxazine derivatives (1,2). 


The purpose of the present study was to elucidate the structure of the addition ptoduct of 1.a-entadtene 
to nitrosobenzene, 


The diene synthests reaction with Involvement of unzymmetrical conjugated dienes has been studied In 
a number of cases. Thus, the reaction of 1,3-pentadiene with acrolein, acrylonitrile, methyl acrylate, methyl 
methacrylate, ethyl crotonate and styrene gave either the o-{somers or a mixture of the o- and m-lsomers, 
with a sharp predominance of the o-lsomers [3-9]. The condensation of lsoprene with acrolein, acrylonitrile, 
methyl acrylate, methyl vinyl ketone, chloromethy! vinyl ketone and ethylenesulfony! chloride gave the p- 
fsomers [4,10-12}]. The reaction of alkoxypcenes with acrolein, acrylonitrile and methyl vinyl kewone ylelds 
the p-fsorners [13-15]. The condentation of cktoroprene and fluroprene with methyl acetylenyl ketene gave 
the = -{somers [16, 17). The reaction of chloroprene with acrylic acid ¢ ve the p-lsomer {18}. 


These data are In good agreement with the fonlc mechanism for the diene synthests reaction, consisting 
in the tansfer of an electron from the diene to the dicnophile with the formation of an fonic complex, The 
second stage of the process Is the rearrangement of the fonic complex with the formation of a stable adduct 
[19,20]. 


However, in a number of studfes, results were obtained that contradicted the fonic mechanism of the 
diene synthesls reaction, Thus, Alder (21) obtained the o-fsomer In the ccactlon of 1,3-butadienc-1-carhoxy- 
Uc acid with acrylic acld. The reaction of the chloride of 1,3-butadicne-1-carboxylic acid with the chloride 
of actylic acid also gave only the o-lsomer. On the basis of these data Alder concluded that the dien¢ syn- 
thesis reaction possesses a crypt radical mechanism. Ropp and Coyner (22) obtained only tie o-fsomers In the 
condensation of 1-(p-nitrophenyl)-1,3-butadiene with acrylic acid and ethyl acrylate, Snyver and Poos (23) 
obtalned the o-{somers in the reaction of 1-cyano-1,3-butadlene with methyl scryiate end ethyl zcrylate. The 
authors are Inclined to dhe saine conclusion as that made by Alder regarding the radical mechanism of the 
diene synthesis reaction. 


The question as to the mechanism of the reaction of dicnes with nitroso compounds has not been discussed 
tp to now, If the addition of 1,3-pentadlene to nltrosobenzene proceeds by the lontc mechanism, then the 6- 
substituted tsumer Ia should be formed, possibly with the 3-subsituted lsomer tb as tmpurity. 


To estab'sh the structure of the a¢zidon product of 1,3-pentadiene to nltrosobenzene we ciose the meth- 
od used earller In establishing die structure of the addition products of dienes to sromatic nluoso compounds 
(1,2). Tine reduction of adducts Ia and Ib with zinc dust and acetic acid should give the amino alcohols Ila 
and Ib, which can be converted Into the diacetyl! derivatives Hla and [!Ib, The oxidation of diacetyl derlva- 
tive [la with potassium permanganate should give N-acetyl-N-phenylglycine IVa, while the oxidation of di- 
acetyl derivative should yield N-acetyl-N-phenylalanine IVb. 
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CH, COCH, 
\ 
NH—C,H, CH 
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CH —sOCOCH, 


CH 
dis, Ill. 


COCK, 
> CH, C,H, 
OOH 


cH’ Lib 


Preparation of Trans-1,3-pentadiene, Trans-1,3-pentadiene was obtained In the following manner; 
from crotonaldel.yde and methylmagnesium amide we obtained 2-penten-4-ol, which was dehydrated over 
magnesium sulfate at300°. The hydrocarbon had the constants: b.p. 41.5°/748 rim, d3°0.6810, ny 1.4321. 


Preparation of the Addition Present». Prans-2,3-r-ntaclene to Nitrosobenzene and a Study of Its Suuc- 
ture, An ice-cooled soludon of 37.5 mole) of misosobenzene In 4C9 ml of chloroform was ueated with 
27.3 g (0.4 mole) of 1,3-pentadiene, The reaction mixture was Ict stand In tce for 43 nours. and then for 12 
hours at rcom temperature, The chioroform was distilled, while th resalve was steam-distliled, The ycllow 
ofl thac came over in the disu!.ate was dissolved fn chloroform, and the solutioa was cried over magnestum sul- 
fate. The chloroforra was distilled, wiriie the res!duc was vacuuni-fractionated, We obtained 44.1 g of nearly 
colorless Hquid with the foll!owine constants: b.p. 94-95°/2 mm, .9682, ni 1.5614. MR = 53.14. Calcu- 
lated for CyH,,ON4F 31.55. EMR 1.19. Yield 72% of theory. 


Found % C 75.50, 75.54; H 7,56, 7.46; N 4.43, 8.45. CyH ON. Calculated % © 75.40; H 7.48; 
N 7.99, 


The reduction of 35 g (0.2 mole) o° ‘re ac**tlen product with zinc dust and glactal acetic acld gave 
25.5 g of an amino alcchol with the composidon Cy,Hy,ON, and having the following co‘stants: b.p. 155-156°/3 
min, d4°1.0558, njy 1.5702. MR = 55.10, Calculated for CyHy,ON 54,06. EMR 1.04, Yield 71% of cheery. 


Found % C 74,57, 74.68; H 8.72, 8.82; N 8.00, 7.95, CyH,;ON. Calculated % C 74.54; H 8.53; 
N 7,90. 


The acetylation of 22.2 g (0.125 mole) of the amino alcohol with acetic anhydride gave 31.5 g of the 
diacetyl derivative of the amino alcohol with composition Cy.31,,0;N and the constants: b.p. 153-154°/1 mm, 
42°1.0261, njy 1.5199. MR = 73.13, Calculateo lor CygHy0,N4 F 72.66. Yield 95% of theory. 


Found % C 68.85, 69.02; H 7.52, 7.32; N 5.40, 5.23. Cy:H,,0,N. Calculated 4 C 68.94; H 7.33; 
N 5.36, 


The diacetyl derivative (5.22 g; 0.02 mole) was oxidized with potassium permangante tn acetoue medium, 
From the oxidation products we fsolated 1.08 g of mixed acids with m.p. 135-148. It was found that the mixture 


CH, 
7 
CH —GH, CH 
i 
du, le du, Ma 
cH N-—CH, CH NH—GH, cH N—CG,H, 
cH cH oH CH L. 


represents two substances, of which one Is readily soluble In benzene, and the other fs difficultly soluble. The 
mixture of acids was separated Into two fractions. Fraction I, fsolated from the benzene extract (0.81 g), had 
m.p. 130-133°, Fraction I, Insoluble in benzene (0.24 g), had m.p. 181-384, 


After three recrystallizations from water the first fractton gave ii-acetyl-N-phenylalanine [Vb with 
mp. 143-14¢, 


Found % C 63.49, 03.42; H 6.60, 6.45; N 6.77, 6.68. CyH,,;O,N. Calculated % C 63.75; H 6.33, 
N 6.76, 


Literature: m.p. 143° [24]. 


After three recrystallizations from water the second fraction gave N-acetyl-N-phenylglycine IVa with 
m.p. 190-192, Its mixed melting polnt with the N-acetyl-N-plicnylglycine (m.p. 193-195") obtained by the 
acetylation of N-phenylglycine was 192-184", 


Literature: m.p. 190-191° [25]; 194-195° [26}; 194-295" [1]. 


From the cata given above It follows that the product obtained by the addition of trans-1,3-pentadiene 
to nitrosobenzene consists of a mixture of 2-phezyl-6-methy!-3,6-dihydro-1,2-oxazine Ia and 2-phenyl-3- 
methy!-3,6 dihydro-1,2-oxazine Ib, with a predominance of the last tsomer, 


obtained resutt contradicts the interpretation of an mechanism for the diene synthesfs reaction 
ang {s in agreement with the postulation of a radical mechanism for this reaction. 
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NATURE OF THE INSOLUBLE PRODUCT FORMED IN THE RADIOLYTIC 
OXIDATION OF BENZENF IN WATER 


E. V. Barelko, L. I. Kartasheva and M. A. Proskurnio 
(Presented by Academician A. N. Frumkin, April 19, 1657) 


Despite the fact that the reactions involving the interaction of organic substances with the radlolysis 

products of water represent great interest, still these reactions have been studied but slightly. The fsolation 
and identification of the products formed is one of the main difficulties here, since the yields of irradiated 
chemical reactions are usually small. 


Among the more important reactions of this type Is the oxidation of benzene fn the radiolysis of Its water 
solutions, first studied in detail by Stein and Weiss (1), who came to the conclusion that the matln products 
formed during the radiolysis are phenol and diphenyl, These authors assumed that both products are formed 
simultancously, in which connection the formation of diphery] predominates In an Inert gas atmosphere, while 


in an oxygen atmosphere an increase in the phenol concentration Is observed with some reduction in the amount 
of diphenyl in the system, 


However, in later studies, devoted to the oxidation of benzene by the radiolysis products of water [2], 
and also by Fenton's reagent [3], it was fourd,that in generai diphenyl {s not formed if the process fs run fn an 
oxygen atmosphere, It was also shown that {n the absence of oxygen the diphenyl yleld can be slarp‘y reduced 
if lons with a variable valence are introduced Into the system, Simultaneousty with this the varlabie valence 
fons cause an increase in the phenol yteld, in which connection this o¢curs both In the absence [4] and in the 
presence of oxygen [5]. The question as to the formation of diphenyl remained somewhat obscure. In the case 


of forming appreciable amounts of diphenyl it should have deposited in the precipitate under the experimental 
conditions, 


Despite the large number of studles devoted to the problem of benzene oxidation by the radfolysis pro- 
ducts of water, In none of them was the chemical nature of the water-insoluble substance formed in the 
reacuon Investigated, and, actually the Investigators made the aprior! assumption that it ls diphenyl. 


In this communication we describe the experiments run by us, in which we investigated the formation 
conditions and nature of the precipitate formed when benzene fs oxidized in the absence of oxygen. 


This problem {s of both theoreucal and practical Interest, since {t became clear from the experlnients — 
run by us that formtaton of the deposit not only lowers the available phenol yleld, but also makes Its Isolation 


difficult, due to the fact that thls deposit forms a difflculuy soluble, exuemely stable suspension in the solu- 
dons, 


Co**, with an activity close to 1400 g-equiv., served as the source of y -tadiation, The dose output, 
measured by the ferrosulfate method, was 180 g/sec. 


The volume of the {frradlated water phase with dissolved benzene was 18 ml, and the volume of the 
benzene layer over the water phase was 1 mi. Prior to ircadiation the solution was well ‘anes in vacuo, 


© Welss (6), for example, in his last paper considers the absence of a precipfuate when the oxtdation fs run in 
an oxygen atmosphere as proof that diphenyl Is absent. 
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The milk-white suspension formed during the irradtadon process was separated from the bulk of the solution by 
long centrifuging, To remove the entrapped phenol the precipitate was thoroughly washed with 1N soda solution, 
anJ then with water until neutral, The precipitate was vacuum-dried to a constant welght. The molecular 
weight of this product was determined cryoscopically—by the freezing point lowering of trimechylcarbinol (the 
cryoscopic constant of which ts equal to 12.8, and m.p. -25.4°). The microcombustion technique [7] was used 

to establish the elementary composition of the precipitate. An SF-4 spectrophetereter was used to measure the 
eluaviolet absorption spectra of the precipitate fn alcohol solutions, and tic same soludions were also subjected 
to colorimetric analysis, based on the coupling reaction with p-nitoaniline, 


m 
a7, 
- 
Qa 
2 
Es Sas} 
Bart 
n © hrs. 
20 20 20 20 20 22. 
Fig. 1. Forrration of an insoluble substance in the — 
frradiadoa of a water solution of benzene as a func- Fig. 2. Ultraviolet absorption spectra: 1) solution of 
tion of the dose, the preeipitace tn alcchol; 2) p-hydroxydiphenyl; 3) 
diphenyl. 


The solution, separated from the precipitate the soda extrcct and the wash waters were analyzed for thelr 
phenol cortent by the ultraviolet absorption method, 


In water solutions the maximum phenol abserption fs observed at A = 270 my; at this wavelength phenol 
absorbs approximately 330 Umes more surongly than does benzene, which pe:mits determining phenol In the pre- 
sence of the water-dissolved benzene, thé atsorption maxima of which He in the 245-260 mp region [2]. In 
alkaline solutions the phenol absorption max!ma are shifted to 286 mu ,-while the sensitivity, as our measure- 
ments revealed, Increases approximately 1.5 umes, 


As can be seen from the curve shown in Fig. 1, the amount of substance, depositing In the precipitate, in- 
creases Linearly with the irradiation dose, 


Only one maximum, fn the wavelength region A = 250-255 mp (Fig. 2, Curve 1), was revealed {In the 
spectrum of the precipitate, dissolved {n ethyl alcohol, {n which connection the appearance of the spectrum 


proved to be quite different from the appearance of the diphenyl spectrum (Curve 3), taken on the same appara- 
tus. 


It was also revealed that the molar extinctions of the obtained substance and of diphenyl In the absorption 
maxima are sharply different (€ of diphenyl = 17,800, and ¢ of the precipitate = 2200). 


Tt was further esiabUshed that In contrast to diphenyl, solutions of the precipitate when coupled with p- 
nitroaniline give a color that Is characteristic for phenolle compounds A_.4, = 520 mu). The melting point of 
the precipitate proved to be 160 ¢# 5°, which coincides, within experimental error, with the melung point of 
p-hydrox ydipheny! (160-165°), of that of 2,4-dihydrox ydiphenyl (162-163), butismuch higher than the melung 
point of diphenyl. Elementary analysts of the precipitate revealed: C 74.4%, 0.16%, and H 7-8 (the hydrogea 
determination was not too accurate); this comes closest to the empirical formula CgHx,)7 0. 


Finally, determination of the molecular weight gave the value 183 2 3, exceeding the molecular welght 
of diphenyl (154) by a quantity considerably greater than the determination error, This value of the molecular 
weight is very close to the molecular weight of dihydrox ydiphenyl (186), with which the elementary analysis re- 
sult also agrees to a certain extent. The sum total of these factors caused us to postulate that the obtained sub- 
stance fs not diphenyl, but Instead is its hydroxy ce:ivadive, From Fig, 2 it can be seen that the spectrum of our 
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stance {s quite close to the spectrum of p-hydroxydiphenyl (Curve 2). However, It fs Impossible to state that 
hydrox ydiphenyl {s the only component present In the precipitate, As a matter of fact, together with the ab- 
sorption bands 3310 cm! (OH) and 3020 cm*! (aromatic CH) In the Infrared spectrum of the precipitate, ® 


supporung the presence of phenolic groups in the precipitate, a band, characteristic for the aliphatic CH bond 
(2900 fs also present. 


Taking the elementary analysis data Into consideration, It logically follows that complex hydroxy com- 


pounds, containing elther CH or CH bonds of nonaromatic character, could enter Into the composition of the 
precipitate, 


The exuemely low molar extinction value shown by the precipitate when compared with the extinctions 
observed for diphenyl, p-hydroxydiphenyl, etc., fs also probably associated with this, 


As can be seen from Fig. 3, the absorption spectrum of the water phase shows only one maximum at 
X = 270 my, characteristic for phenol. The soda extract of the precipitate also contains a phenolic product. 
As a result, the trradiation of water solutions of benzene under vacuum conditions ylelds mainly two types of 
phenolic compounds; ordinary phenol, readily soluble in water, and a high molecular weight hydroxy com- 
pound, depositing In the precipitate. 


The yield disuibution of these products (calculated on the basis of benzene) as a function of the irradia- 
tion dose is shown In Table 1, From the table ft can be seen that the total benzene consumption In the given 
case {s on the average equal to 2.0-2.5 moles per 100 ev. Asa result, under vacuum conditions the consump- 
tion of benzene for phenol production does not exceed 25%, 


TABLE 1. 


Dose in Yield in moles of beazene per |Total yield 
ev {n moles per 
ts phenol hydroxy derlva- 100 ev 
tives of diphenyl 
4 0.69 0.5 2.3 2.8 
2.1 0.5 21 | 2.6 
S 4.4 0.5 1.8 2.3 
, 8.4 0.5 1.5 2.0 
| 11.4 0.45 | 1.6 
14.5 0.3 1.9 2.2 


20 20 mp The presence of condensation products not 
cep revealed in an oxygen atmosphere, and the phenol 


Fig. 3. Spectra of the yield, as fs already known, reaches 2,3-2.5 mole per 


(irradiation dose 4,4X10°* ev/ml), 1) soda extract main: 

of the precipltate; 2) water rolution, separated The study made by us of the properties of the 
from the precipitate; 3) alcohol solution of the formed precipitate shows that the latter does not con 
precipitate. sist of diphenyl, as had been postulated earller, but 


Instead Is {ts hydroxy derivative, and most probably, 
is the dihydroxy derlvadve, 


In principle this result fs important, since {t necessitates a complete revision, or at least, a substantial 
modificauion of the scheme proposed by Stein and Welss (1) for the radlolytic oxidadion of benzene In water 
solution, In this scheme the phenyl radicals, formed in the reaction of a free hydroxyl with benzene, play one 
of the main roles, According to Weiss, the formation of phenol or of diphenyl depends on whether the phenyl radicals 
recomb‘ne by way of coming in contact with a free hydrox yl or with each other, With this scheme the formation ofhy- 
droxydiphenyls or of their derivatives cannot be understood, We see a possible way of explaining the formation of such 
compounds by assuming that the free hydrox yhexadienyl radical (CgH,OH), formed in the contact of a benzene mole- 
cule witha free hydroxyl, is a quite long-lived compound, thus making it possible for two such radicals torecombine 


with each other or for one such radical torecombine with etther a CgH, radical ora benzene molecule, 
* Kindly taken at our request by N. A. Slovokhotov, : 
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If it !s postulated that the hexadienyl radical participates in the seaction, then In this case the following 
scheme for the formation of the substance, depositing from the water Into the precipitate, ts possible; 


+ Cg —> — 


In our opinion, this variation 1s more In accord with the facts revealed by us for the presence of aliphatic bonds 
in the precipitate molecule. The lack of finding diphenyl also leads to the postulation that the formation of 
phenol can proceed without going through the stage of forming the free phenyl radical, For example, tt can be 
postulated that In the reacdon of two hydroxjhexadienyl radicals, together with linking of the rings, the paral- 
lel pzocess— the formation of phenol—can also take place. 


H H 

H+H 

H 

"S>4 
HO HO 


The results obtained In our study lead to the thought that the polymeric compounds, furmed In the ir- 
radiation of pure benzene, may also contain hydrogenated Links; assuming this, It 1s easy to explain the small 
yield of hydrogen obtained In this case by chemical {rradiadion, 
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THE POSSIBLE USE OF TRITIUM IN THE RAD:OGRAPHIC STUDY OF 


HYDROGEN DisSTRIBUTICN IN TITANIUM AND ZIRCONIUM 


B. I. Bruk and G.I. Nikolaev 


(Presented by Academician G. V. Kurdymov, April 24, 1957) 


lem of hydrogen in them, sharply the plasticity of inti and increasing thelr sen- 
sitivity to cutting [1,2]. However, existing metallographic analys!s methods do not give a complete representa- 
tion of the tue character of hydrogen dismibution In the alloys. In the Ught of this an attempt to use the radio- 
aculve hydrogea fsotope (tritium) for this purpose seems timely, 


Information on the possible use of uidum in metallography ts absent in thie Mreramre. The main factor 
making {ft difficult to obtain uitum radiograms 1s the small decomposition energy of this Isotope (0.018 Mev), 
as a result of which in the radlographing of alloys containing tritlum the radiation, emitted by a metai layer 
with a total thickness of about 104 cm, can affect the photo emulsion {3,4}. 


From the standpoint of chemical action on the photo emulsion, to create the necessary current of g -pard- 
cles during radlographing (10°- -10" g -particles per sq cm of emulsion surface) requires either the use of a tidum 
with a very high specific acuvity (using uitium-contsining water with an activity of the order of 1 — or 
the saturation of the Investigated alloy with witum to the highest concentration possible.” 


The problem of obtainiag titum autoradfograms of Utantum and zircontum Is made easter by the fact 
that hydrogen shows a high solubility in these metals (when compared, for example, with steel). 


Using the tristum-containing water available to us, with a specific acuvity of 15 M Cu/ml, we were able 
to obtain quit2 distinct wutoradiogams of the titanium and zircorlura specimens, saturating them with a ralx- 
ture of uitium and hydrogen to a concentration of 700-1000 ml of gas per 100 g of metal. 


‘fo obtain uluum gas (mere accurately, a mixture of the Hy and Tg !sotopes) from uittum-centaining 
waier we used the method of decomposing the water vapors on a surface of zinc turalngs In vacus. Such a pro- 


cedure made {it possible to achleve a nearly 100% utilizauion of the aitium In its subsequent {ntroduction ane 
the Investigated metals, 


The witum obtained In the manner Indicated above, the activity of which was 12 M Cu/ml of gas was in- 


woduced Inte the previously vacuum-degastfled metal at a temperature above the point of the a-> g trans- 
formation, 


The specimens for autoradiographing were prepared fn the usuai manner (with protection from cold hard- 
ening and overheating during polishing), The presence of a natural oxide film on the surface of the ttarlum 
and zirconium specimens, preventing chemical reaction of the metal with the emulsion, made it unnecessary 
to artificially coat the specimens with a special lacquer film, This assured a more complete contact between 
the emulsion and the metal belng radlographed, and excluded the possible song absorpuon of g -particles in 

the film material, which for uitum as a g-emitter fs especially important, 


The radsographing of the tidum-saturated dtanium and dircontum specimens was run on nuclear 
film, Type MR, for 20-30 days. 


- 


The witum svtoradiograms shown {n Figs, 1-3 are “negatives:" the darker portions in them coriespor 
a greater hydsogen concenuation, while the lighter portions correspond to a lower hydrogen concenuation. 


Technicaily pure cast titanlum after forging and saturauon with midum at 920°, Cooled 


in the air, Hydrogen content i600 ml per 100 g of metal: a) micro2utoradiogram, 300X. Ex- 
posure 30 days; b) optical microphotograph, 300x. 
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Fig. 2. Technically pure cast titanium atter torging and saturadon with widum at 980°. Cooled 
in the alr. Hydrogen content 2100 ml per 109 g of metal: a) microautoradiogram, 100X. Exposure 
30 days; b) optical microphotograph, 1CQX; c) the same, 300x; d) the same, 300x. 


The extreme clearness of the autoradiograms, when compared with the clearness of the optical photo- 
graphs, is due to the small decomposidon energy of uidum, and as a result of this, to the insignificant scatter- 
ing of the radiation into the metal and photo emulsion, 


From a comparison of the autoradiogram and optical microphotograph shown In Fig. 1 for the dtanium 
sample it follows that the structure pattern manifested ta technically pure titanium fs associated with the 
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presence of dtanlum hydrides. Indeed, it an examination of the microphotograph does not permit stauing with 
complete confidence that the dark component visible under the microscope represents the hydride phase (5), 
then the fact that the ultium autoradicgram almost completely reproduces the microstructure pattern does not 
leave any doubts in this respect, 


The dismibution character of the suuctural comporents in the autoradlograms of dtanium with a reladvely 
high hydrogen content, shown In Fig. 2, indicates that the phase recrystallization of the alloy !s of the Widman- 
statten structure type. It fs known that the fo.mation of this structure obeys the principie of the greatest orlenta- 
donal and dimenstonal conformity, where the shift of the atoms in the crystal Lattice of the new phase reladve 
to thelr previous arrangement in the latuce ef the old phase would be at a minimum. 


Fig. 3. ‘pails pure cast zirconium after forging and saturation wid tritium at 1900°. 


Cooled in the air, Hydrogen content 1709mi per 100 g of metal: a) microautoradiogram, 300X. 
Exposure 30 days; b) optical microphotograph, 200x. 


In the Ught of this the postuladion follows that the Ught needles of the a-phase and the dark agglomerates 
of eutectoid, composed of a-phase and ttanlum hydride, visible on the autcradiograms (Fig. 2), are arranged 
along the crystal planes of the former atomic lattice of g -solid solution, retaining a geomeuically crystalline 
bond with them. | 


Such an arrangement of the structural components, one of which (titanium hydride) 1s extremely brittle, 
should naturally lead to a sharp reduction Jn the plastic properties of the alloy and to an increase in its sensi- 
uvity to cutting. 


Attention §s drawn to the fact that the needles of the a-phase, visible in the autoradiograms, produce an 
exuemely weak darkening of the photo emulsion during radlographing when compared with the strong blacken- 
ing produced by the eutcctotd distributions, the hydrogen content in which is close to 40 atom %. This distinctly 
supports the position that the solubility of hydrogen in the a-phase ts exuemely small at room temperature (1). 


As is known. confirmation of this fact by other invesugation methods Ls extremely difficult [6} 


The autoradiogram and optical raicrophotograph of the zircontum specimen, szturated with wittum at 
1000°, are shown tn Fig. 3, A comparison of the autoradiogram with the optical photograph permits establishing 
the fact that the structural component, located at the grain boundaries, represents zirconium hydride (or, more 
accurately, a eutectold, composed of the hydride and a-phase), Together with this, the distribution of the hy- 
dride inclusions in the zirconium, revealed on the autoradiogram (Fig, 3), does not repeat the miciostructure 
pattern, as was true {n the case of titanium, which evidently Indicates th-t the systems Ti-H and Zr-H do not 
show a complete structural analogy. 


Familarization with the method of obtaining radlograms involving titanium and zircontum speci- 
mens made it possible to establish a number of Important rules relauve to hyd:ogen disuibution in slloys based 
on these metals also In those cases where during metallographic investigation the character of the hydrogen dis- 
ulbution In the alloy is general not seen, 


a 
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With the ald of witlum we studled the hydrogen diseibution tn the welding of titanium. Here It was In- 
teresting to determine if an accunwilation of titaninm hydrides occurs tn the fuston zone, determination being 
niaJe by the unequal hydrogen solubility in solid and in molten titantum and by the presence of a temperature 
gradient in the crystallization of the metal at the seam weld, 

With the radtograpiuc method we were able to establish that the transfer of hydrogen from the main metal 
to the metal of the seam weld fs accomplished unlformly, without appreciable concentration of the hyddde phase 
at the weld boundary. 
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SPECTROSCOPIC STUDY OF HYDROGEN RE DISTRIBUTION IN 
1,3-CYCLOHEXADIENE ON PALLADIUM FILMS 


V. M. Gryaznov and V. D. Yagodovsky 
(Presented by Academician A. A. Balandin, May 3, 1957) 


The transformation of 1,3-cyclohexadiene in the presence of palladium and platinum catalysts was dis- 
covered and studied by N. D. Zelinsky and G. S, Pavlov [1,2]. They estabUshed that the process goes In two 
stages: 2CgHy = CgHe + CgHyg: = + 2C in whch connection the rate of the first reaction ts 
much greater than that of the second, 1,4-cyclohexadiene shows a similar tansformation, 


J. Bell and S. Thomson [3] studted the deuterlation of cyclohexadicnes and of cyclohexene on plaunum 
black, and also the hydrogen redistribution that tock place here. The authors state that thelr experimental re- 
sults do not agree with the above indicated mechanism for the transformation of 13-cyclohexadlene. 


— 


to vacuum pump 
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Fig. 1. Scheme of the vacuum apparatus for studying cataly- 
tic transformations on palladium films. 


In connection with this it seemed of interest to study the hydrogen redisuibution In 1,3-cyclohexadiene 
under such conditions that the process 1s not complicated by anything else. 


In present study we used palladium filrns as catalyst, obtalned by the sublimation of the metal on glass 
in vacuo. The method of obtaining the films differed from that used by D. P, Dobychin and A. V. Frost (4) 
only in the fact that the sublimacion was run directly with a current-heated palladium wire, without the use of 


a tungsten heater, This permitted avoiding possible contamination of the film by tungsten and does not introduce 
excess metal into the reactor, 


The first series of experiments was run In the apparatus showa fn Fig. 1, The wire (1) of spectrally pure 
palladium with a diameter of 0.33 mm was fastened to the molybdenum leads, while the reactor (2) together 


2 
— 

? 5 J 
829 


with ampoules (5-7), wat connected to the apparatus through the ground connection, The reactor was evacuated 
for one and a half hours with heaung to 350° to remove the gases and molsture adsorbed on the walls. The pal- 
Ladium wire was heated several times with the current to a temperature of about 700°, unul alternate heating 
failed to Increase the residual pressure, which constituted 6°10°§ mm of Hg. At the start of palladium sublima- 
don the pressure tose to 1X10°§ mm. After severai minutes a pressure of 6°107* mm of Hg wa. restored, and 
here the condensation of the film occwred, contiruing on the average for 40 minutes. The reactor was cooled 
in liquid nizrogea. A light gray deposit appeared on the reactor walls, which gradually became darker, and then 
the layer assumed a metallic luster, The filin thickness, calculated on the assumption that the density of the 
film fs equal to the density of solid palladium, fs close to 1000 A for a mirror layer. The geometric surface 
area of the film was 80 cm*. The reactor was heated in a water thermostat to the experimental temperature, 
and with stopcock (4) clesed the thin-walled bulbi{n ampoule (5) was broken by a hammer connected to a magnet 
Previously 1,3-cyclohexadiene® had been disulledinto ampoules (5-7), using a different vacuum apparatus, 


TABLE 1 Trap (3) and ampoule (S) were altcrnately cooled 
in Liquid nitrogen, so that the cyciohexadtene vapors 


passed through the reactor containing the palladium 
_ fCompesition hag log (1/14) fiim. At the end of experiment the ampul was unseal- 
ed, and the catalyzate was wansferred to a potassium 
chloride cuvette for recording the Infrared absorption 
Cotte | Coe spectum. 
eal A double beam IKS-2 Infrared spectrometer was 
2 | 61.31 19.3 | 19.4 004s used to obtain the absorption spectra of 1,3-cyclohexa 
3 | 39.9 | 29.8 | 30.3 | 0.242] 0.422] 0.088 diene, benzene and cyclohexene, The absorption band 
4 | 18.2 [40.5 | 41.3 |.0.124] 0.488] 0.094 


frequencies of the benzene and cyclohexene agree with 
those given in the Literature [6,7]. We were unable to 
find any information in the Uterature on the Infrared 
absorption zp -trum of 1,3-cyclohexadiene, The ab- 
sorpdon spectrum obtained by us for Uquid 1,3-cyclohexadiene at room teinperature and a layer thickness of 
0.02 mm fs shown in Fig. 2. The spectral width of the spectrometer apertures 1s shown In the frequency scale 
along the abscissa. 


For a quanutative analysis of the warsformation products of 1,3-cyclohexadicne we recorded the absorp- 
tion spectra of ternary mixtures of 1,3-cyclohexadiene, beazene and cyclohexene, the compositions of which 
are shown {n Table 1. 


In the sbsorption spectra of the mixtures we selected those bands of 1,3-cyclohexadiene (745 cm“), 
benzene (1484 em“) and cyclohexene (715 cm“) that showed the least amount of overlapping by other bands, 
For these bands we calculated the vatues of the optical density log (I,/1), where I and 14 are the {ntensides of 
the radiadion pasting through the cuvette with mixture and through the empty cuvette, respectively, As can be 
seen from Table 1, fcr each of the three hydrocarbons the values of log (Ig/I) show linear increase with increase 
in the hydrocarbon concentration from 9 to €0%, This made It easier to analyze the catalyzates, 


Using a freshly prepared palladium film with a visible area of 80 cm? and a thickness of about 800 A we 
ran three consecutive experiments with the sane amounts of 1,3-cyclohexadiene (0.4 ml) at 50.4, 73.5, and 
again at 50.4, The duration of each experiment was 4 hours, The composition of the catalyzatcs fs shown In 
Table 2, When the temperature was Increased from 50.4 to 73,5° the degree of cyclohexadlene transformation 
rose from 39 to $l%. The third experiment, run under the same conditions as the first, showed a reduction in 
the catalytic activity of the palladium film. However, the mclar ratio of benzene to cyclohexene In the cata- 
lyzates remained equal to 1, which fs in complete accord with the mechanism established by N. D, Zelinsky 
and G, S. Pavlov (2) for the first stage of 1,3-cyclohexadiene transformation, proceeding at a rapld rate, 


In order to eliminate the possible influence of the ground-seal lubricant on the catalytic activity of the 
palladium film, the following series of experiments were run in a completely sealed apparatus, The reactor of 


* The 1,3-cyclohexadiene, prepared by the Hoffman and Damm method (5), was graciously supplied to us by 
Prof. R. Ya. Levina, whom the authors wish to thank, The constants of the 1,3-cyclohexadiene were: b.p. 
18.5°/140 mm = 1.4740, 
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the completely scaled apparatus had an Internal surface area (250 cm" ) that was three times of the reactor 
shown In Fig. 1, The residual pressure fn the system pricr to sublI!mation of the film was 2 10° mm. In the 
flust 3 minutes of sublimation the pressure rose to 8x10-* mm, but most of the palladium was volaulized at 
1x10 mm of Hg. The reactor walls were not cooled with Uquid alr, but only to 0°, so as to reduce the sorp- 
don of residual gases by the film, The sublir:ston was continued until an opaque mucror Sayer of palladium had 
deposited on the reactor walls, At the end of sublimation the pressure was 4°10°? mm. At this pressure the re- 
actor with ampuls was unsoldered from the apparatus and placed In a water thermestat, In order to stabilize the 
film, it was kept for an hour at 80°, and then the experiments were run at temperatures ranging from 30 to 70°. 
The ampoule with cyclohexadiene was thermostatted at a highcr temperature, and after breaking the ampoule bulb 
the hydrocarbon vapors entered the reactor. The catalyzate was frozen with Uquid alr In the ampoule and then 
analyzed in the same manner as described above, 


It was established that If the contact ume Is 

2.5 hours, then at 30° the extent of ~yclohexadiene 

conversion Is slight, at 50° It fs close to 40 mole &, 

and at 70° it{s complete. At 50° the formed cyclo- 
hexene already suffers partial transfo.mation Into 
cycitohexane and benzene. Repedtdion -f the experi- 
ment at 50° revealed that the palladium film, ob- 
tained In the compietely sealed apparatus undes a 
vacuum of 10° mm of Hg, also gradually loses its 
catalytic activity, die same as the film obtained In 
the apparatus with ground-glass seal, 
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In other exper!ments the palladium film was 
heated at 80° with evacuation, and the sublimation 
£0 BO KD ED tate and temperature of the reactor walls were varied, 
but in all cases the activity of the film gradually 
Fig. 2. Infrared absorption specuum of Iquid 1,3- decreased, This fs in accord with the data of D. P, 
cyclohexadiene (layer thickness 0.02 mm). Dobychtn and A. V. Frost [4,8], odtalned in studying 
the hydrogenation of ethylene, butylene and acety- 
lene on palladium films, and It fs also in accord 
with other information existing In the Uterature (cf., for example, the survey made by J. Allen (9) on the gradual 
recrystallizatioa of sublimed metal films, which fs accompanied by a reduction fn their surface area and an fn- 
crease In the electroconductivity, 


As was indicated above, the use of palladium films with a geometric surface ‘area of 250 cm® aiso tnakes 
it possible to fol!ow the hydrogen redisulbution in the cyclohexene formed from the 1,3-cyclohexadlene, Con- 
sequently, the character of this process on palladium film and on catalysts of the platinum black type fs qualfta- 
uvely the same, N. D, Zelinsky (19) invesu gated tse problem of whether it was necessary to saturate the palla- 
dium with oxygea or with hydrogen fn order to obtain transformation of the cyclohexadiene, Palladinized asbestos 
was heated {n a hydrogen stream at 180° to remove oxygen, and after displacing the hydrogen from the reactor 
with carbon dloxide, It was heated to 200°, Removal of the hydrogen {n this manner falled to deactivate the 
catalyst. 


TABLE 2 In our experiments, run fn the apparatus shown 
in Fig. 4, the palladium was sublimed fiom a wire 
(molest welghing 0.07-0.08 g. The weight of the obtained film 
an order smaller, The removal from the palladium 
ire of the gases contained in It was run at abcut 700° 
and a pressure in the system of 6°10 mm. Even ff it 
| {is assumed that all of the reslduci gas was hydrogen, 
then not more than 3 mote of hydrogen could 
50.4 81 10 9 have remained dissolved In the palladium wire, This 
result easily obtained by the J, Lacher formula (11) 


for the solubility of hydrogen In palladium at tempera- 
tures above 600°; 
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251.4 


log s = 0.2414 0.5 iog P mm + 


wheres ts the volume of hydrogen (under standard conditions) absorbed per 100 g of palladium, and Pram Is 

the hylrogen pressure, By this formula we find that during the sublimation perfod, when the film was heated 
~—-——to approximarely 1000, 4-107" mole of hydrogen could have been evelved from it, Assuming that all of this 

hydrogen 1s absorbed by the formed palladium film, we obtain the Limiting hydrogen content in the film, About 

4°10" mote of cyclohexadlene was passed over the film in each experiment, which Is 8 orders greater than the 

possible hycrogen content Jn the film prior to admiitance of the cyciohexadlene, and still the palladium film 


showed catalytic acdvity. 
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DEALKYLATION OF ALKYLAROMATIC HYDROCARBONS AND THEIR 
DERIVATIVES IN THE PRESENCE OF ALUMINOSILICATE CATALYST 


Academician B. A. Kazansky and Kh. D. Georgtev 


A number of studies have been devoted tc the dealkylation of alkylaromatic hydrocarbons In the presence 
of aluminosiUcate catalysts of the catalytic cracking type. Thus, as early as 1944 Thomas, Hockstra an¢@ Pinks- 
ton [1] studied the dealkylation of ethylbenzene, cumene, n-butylbenzene and mixed amylbenzenes ‘a the pre- 
sence of synthetic aluminosilicates at 400-500"; they found that the nature of the alkyl chain Influences the 
depth of reaction; of the enumerated hydrocarbons the hardest to dealkylate fs ethylbenzene, ard the easiest 

{is cumene~with the formation of the corresponding olefins and benzene. Greensfelder Veg: and Good [2] made 
a special study of the Influence of the length and structure of the alkyl side chaln on the dealkylation rate at 
500° inthe presence of aluminosilicate catalyst, activated by zirconium oxide, aa 


, 


Moldavsky and Besdel [3] studied the influence of the CH, group and chlorir¢ atom fn different posttions 
on the extent of propylene cleavage from o-, m- and p-cymenes and p-chlorocimene at 410°, Later, Roberts 
and Good [4] studied the influence of the nature and different orfentadion of zubsutuents on the examples of 
p-chlorocumene, 1,3-dimethyl-5-tsopropyltenzene, p-cymene and 1,3- -dJ methyl-4-tsopropylbenzene. For the 
compounds enumerated above thelr theoretically calculated rates for the’ electrophiltc substitution of the iso- 
propyl group by hydrogen In the presence of substituents with different orlentatton proved to be tn good agree- 
ment with the exper{mentally found data cn the depth of dealkylation. In the opi:ton of the authors, this cir- 
cumstance can serve as an argument Ln support of the carbonfum-lon mechanfsm for the dealkylation reaction 
of alkylaromatic hydrocarbons {a the presence of aluminosilicate catalysts, 


Not dwelling In greater detall on some of the other studfes made on the dealkylation of alkylbenzenes in 
the presence of the catalytic cracking type of catalysts, we will mention that {n them, the same as in those 
indicated above, only qualitative data exist on the influence of the nature and structure of the cleaved alkyls, 
and also on the Influence of the orfentauon of the alkyi and any other substituents, found together with the 
alkyl group {n an aromatic compound, on the rate and depth of catalytic cracling of the latter, In addidon, 
these data were obtained by different authors under variable experimental ¢--ndidons for different catalysts, dif- 
fering both in thelr composition and method of preparation, 


One of the slinplest and well studied cascs of the dealkylation of an alkylaromatic hydrocarbon fu the pre- 
sence of an alum{nostIcate catalyst ts the dealkyladon of cumene, which In a certain temperature Interval and 
with a definite tine of contact with the catalyst leads to the forination of practically only two compounds— 
benzene and propylene, 


The kineucs of this reaction has been studied many times, and the kinetic parameters given In the iltera- 
ture for tus reaction are quite rellable and clear [5-€], This reaction and others similar to ft are frequently 
interpreted as being a reaction for the electrophilic substitution of the alkyl by a proton of the alumt{nosilicate 
catalyst, having an acld character, The formation of a carbonium ton, answering to the corresponding alkyl, 
is assumed to take place here as an exuemely short-Uved intermediate stage; this formation occurs on the sur- 
face of the catalyst, anc the carbonlum fon quickly returns the proton to the catalyst, at die same Ume being 
converted into an olefinic hydrocarbon, From this viewpoint the dealkylation reaction can be depicted by the 
scheme; 


oP 
= 
4 


- 
R 


The rate of dealkylation will depend on the relative ease with which the carbonlum fon Is formed or on 
the ability shown by the C-C bond between the benzene ring and the alkyl to become polarized on the surface 
of the catalyst, and also on the suucture of the alkyl substituent. It ts postulated that the alkyls with a tertiary 
carbon atom show the greatest capacity for the formation of a carbonium fon with an electron sextet at the 
tertiary atom, while the alkyls with primary carbon atoms are least inclined in this respect, Ethyl, and especfal- 
ly methy!, form carbonium fons with great difficulty, 


If the aromaulc compound subjected to catalytic dealkylation fs such that, In addition to a more or less 
easily cleaved alkyl group, there {s also present a substituent more Ughtly bound to the benzene ring, showing 
either well-defined electron-denor or electron-acceptor properties and correspondingly orlentated with respect 
to the first substituent, as was the case, for example, {n the above-mentioned studies of Moldavsky, Roberts and 
Good, then both the depth and rate of the dealkylation will vary, If the fonic mechanism for dealkytatioa 
tn the presence of alununosilicates fs valid, then this varlation can be Unked with the varlation In the electron 
density of the benzene nucleus as a whole and with {ts redistribution as a function of the nature and orlentation 
of the second subsdituent, 


It seemed dmely to us to make amore systematic study than had prevailed up to now, under comparable 
conditions and with the same catalyst, of the dealkylaui-n rate of a number of alkylaromatc hydrocarbons and 
some of thelr derivatives, This would permit obtalning values (reaction constants and apparent energy of acn- 
vation of the dealkylation reaction) that could help to characterize quanutatively the Influence of the chain 
length and structure of cleaved alkyl on the reaction rate, and also give some idea as to the role played by the 
second subsdtuent, not suffering cleavage under the reaction conditions. 


For this purpose we prepared and subjected to catalytic dealkylauion the following 11 coinpounds, the pro- 
perues of which are given tn Table 1. 


TABLE 1 
Ethylbenzene ~ £364 760 1 35.78] 35.54 
n-Propylbenzene 76.9 .4920,0. 8618) 49.46] 40.16 
Isopropylbenzene (cumene) 152.5 40.39] 40.16 
n-buty mnzene 97.0 SOT. 4900.0. 8602] 45.10] 44 78 
4. 4926,0. 8668) 44.95 4.78 
m-Cymeae 90.0 8608) 45.30] 44.78 
Co ‘ 91.3 45.35] 44.78 
68.0 9/1.5170/ 1.0339] 45.19] 44.94 
p-Chlorocumene 75.5—76.5 | Of 45.50] 44.94 


The propertics of the cormnpounds used by us for dealkylation show good agreement with the more reliable 
Uterature data, 


The deatkylation rate was studied in the presence of 10 ml of commercial aluminosilicate catalyst, mold- 
ed in the shape of small cylinders (4x 4mm). The activity of the catalyst was established on the basis of the 
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yield of benzene from cumene or by the rate of propylene Mberation tn an experiment run at 450° 
and a space velocity of 1.60 hour” for the cumene passage. The activity constants based on the benzene and 


on the propylene colnclded, The catalyst was regenerated with alr after each experiment, and its activity was 
completely restored, 


The experiments were run in a quartz tube, placed in an electric furnace with temperature control, The 
temperature was mcasured by means of a thermocouple in the center of the catalyst layer to an accuracy of 1°. 
Feeding of the Uquid into the reactor was made automatic and procecded at a constant rate, The formed gases 
were collected in a Pauikeev gasometer, and thelr volume was automatically read and recorded, The Uquid 
reaction products were distilled through a highly efficient laboratory column; the gas products were condensed 
and recufled in a “IslATIM 51-U? 1954 or “TsIATIM-52,° 1954 apparatur, The individual fractions were 
analyzed by the usual absorption methods and by cornbustion, Calculation of the reaction rate was based on 
the compositions of both the gaseous and Uquid products. Colnciding values were obtained in a number of cases, 
since secondary reactions were present to slight degree, The phenomenon of cracking and the formation of 
methane In the gases were observed at the higher temperatures or witha long contact time. In such cares pre- 
ference was given to the results ootained In the rectification of the Uquid reaction products, 


The experiments were run at temperatures ranging from 370 to 490° and with space velocities ranging 
from 0.8 to 4.00 volumes of liquid per volume of catalyst per hour. In case the reactants showed especially 
rapid or especially slow reaction a deviation had to be made either toward lower or toward higher temperatures, 


TABLE 2 The experimental results were treated in accord 
with the Frost equation [9,10] for the progress of mono- 
molecular heterogencous reactions in a flow system, im- 


5 peded by the transformation ‘products: 
Corapound a Compound 

Ethylbenzene 500090 -Cymene 12000 
n-Propylbenzene 34000 lin -Cymene 14000 where vg fs the volume of the Hquld fed into the reac- 
Isopropylbenzene aaea p-Cymene ara tion area per unit of ume, y ts the degree of transforma- 
sec-Butylbenzene |P-Chlorocumene — | 94909 tion of the original substance, and and g are constants, 
n-Butylbenzene 412700 p-Chlorocuiene 
tert-Butylbenzene depending on the experimental conditions, and the nature 


of the catalyst and reecung substance. 


The apparent reaction rate constants were calcu- 
lated, and from them the apparent cnergy of activation, the values of which are given In Table 2, was determin- 
ed graphically, 


In examining the data given In Table 2 attention {s attracted to the very high value of the apparent energy 
of acuvation for the dealkylation of ethylbenzene, Apparently, this should be regarded as being dus to the fact 
that the reaction proceeded not only catalytically but also parz‘ally as a thermal proccss; this {s supported by 


the compodtion of the obtained gases, and alse by the need of going to higher experimental temperatures be- 
cause of the low conversions, 


It should be mentioned that for the monoalkylbenzenes of composition CyHyxCglts and Cy, xC,H, the 
suucture of tic alkyl group exerts a strong Influence cn the rate of the dealkylatoin reaction; E for the dealkyla- 
tion of lsopropylbenzene 1s reduced to nearly one half the value of E for the dealkylation of n-propylbenzene; 


E for the dealkylation of tert-buty'benzene fs more than 2.5 umes less than the value of E for the dealkylation 
of n-butylbenzene, 


The subsutuents CH, and Cl, not participaung In the dealkylation reaction, aJso exert a distinct Influence 
on the magnitude of the energy of activation, If the values of E for the dealkyladon of tsopropyltenzene, the 
isomeric cymenes and the chlorocumenes are compared, then the acuvating Influcace of the methyl and the 
passivating Influence of the chlorine atom becomes clear, We are of the opinion that the comparative data ob- 


tained by us can be regarded as an unnecessary argument in support of the fonic mechanism for the catalytic 
dealkylation of alkylbenzenes and some of their derivatives, 
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THE NATURE OF THE SPONTANEOUS CHANGE IN THE VISCOSITY OF 
SALVARSAN SOLUTIONS 


M. Ya. Kraft and E. N. Sytina 
(Presented by Academician A, N. Nesmeyanov, April 20, 1957) 


Even P. Exriich and A. Bertheiin in thelr communication on the synthests of salvarsan (1) mentioned that 
{ts water solut’ons have quite a high viscosity, and without any explanation of the reasons for this, stated that 
salvarsan possesses colloidal properties, Later,a number of papers were devoted to a study of the colloldal pro- 
perues of salvarsan, Klemenstewicz [2] mentioned that the viscosity of salvarsan solutions depends on a num- 
ber of factors: 1) on the method used to dissolve the compound—soluticn at rcom temperature gives more vis- 
cous solutions than when the dissoiving is donc hot; 2) on the length of ime that the sulution has stood-with 
ume the mere concentrated solutions become more viscous, while the viscosity of the dilute solutions decreases; 
3) on the charge in temperature prior to measurement~If the viscosity of a previously cooled or heated solution 
{s measured at “the same temperature, then considerably lower valucs are obtained tn the case of the heated solu- 
Uon, Not disputing the structural formula of P, Ehriich and A, Bertheim, Kleimensiewicz postulated that apparent- 
ly strong polymerization, accompanied by hydration, takes place in salvarsan solutions, without being more 
specific what Le means by this, The autnor believed that the viscosity changes shown by salvarsan solutions 
are Irreversibt2, but this was later refuted [3]. The viscosity of salvarsan solutions depends to a large degree on 
the manner Im which the hydrochloride {s prepared; whether by the Ehrlich and Berthelm method—the addition 
~ of the calculated arnount of HCI to the salvarsan base In CH,OH with subsequent precipitation with ether, or by 
the Kober meshod [ 4)- precipitation of the hydrochloride by the addition of excess hydrochloric acid, Salvarsan, 
lsolated by the latter method, always given much more viscous solutions (5). 


Quite recently a paper appeared by J. Stauff, E, Koch and E, Uhlein (6], in which the authors study the 
Influence of Li Zht on salvarsan soludions, The authors consider salvarsan te be a substance that gives colloidal 
solutions beca=z¢ of assoctation of the molecules, These authors remarked that tn principle salvarsan solutions 
differ frorn the solutions of all other assoctated colloids in that their viscosity becomes constant only after long 
standing. Nevertheless, In theic investigations these authors also proceed from the premise that salvarsan {s the | 
hydrochloride cf 3,3'-diamino-4,4"-dihydrox yatsenobenzene and assume that assoctation occurs as the result of 
forming hydscsen bonds between the As atoms and the phenolic hydroxyl groups, In the studfes made fn our 
laboratory [7-22] devoted to the structure of salvarsan and ploymeric arseno compounds, 4 number o: quite con- 
vincing facts were brought out in support of a polymeric structure for salvarsan, since the formula of 3,3°-di- 
amino-4,4°-c. hydrox yarsenobenzene was assigned only on the basis of the elementary analysis results and a 
hazardous analogy with azo compounds, In our opinion (12), the spontancous change in viscosity shown by sal- 
varsan solutioc= depends on the fact that In solution, deoending on the concenuation, acidity, temperature, ete., 
the following reactions can take place; 


HO As — (1) —As—OH 


5 
| 
m-—2 
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NH; 
where R= < OH, 


f.e., an increase In the chain length of the principal valences occurs here as the result of dehydration (12). 
Such a dehydration is more than probable, since all trivalent As compounds are Inclined {n thls manner, as for 
example: 2As(OH) 2R As— OH RAs ~ O — AsRy, etc. 


NH, 
OH. 


It fs quite natural that with some cordidons dehydration can take place, as 2 result of which the viscosity 
of the salvarsan soluden will increase, while with a different set of conditions, on the other hand, the hydrolytic 
cleavage of the =As—O—As=bonds can occur, as a result of which the viscosity of the solution will decrease, 

In order to confirm such a postulation, it was necessary to show that in a salvarsan solution, the viscosity of which 
became greater with the passage of ime, a polymer with a ligher molecular weight was formed, I.e., a differ- 
ent compound was formed, It is quite obvious that to accomplish tus requiied the fsolation of some sozt of dif- 
ferent compound from the salvarsan solution, followed by determination of the viscosity of the {solated substance 
13}. Such a determination would show whether we are dealing with a colloidof the associated type, —in such 
case the viscosity of the {solated compound should be quite different from the viscosity of uie salvarsan solution, 
If the solution viscosity of the obtained compound proved to be close to the viscosity of the salvarsan solution, 
this would serve as irrefutable proof that an increase in the viscosity of a salvarsan solution depends on an 
increase in the salvarsan molecular weight; In this way the postulation expressed by us regarding the mechanism 
of this phenomenon would be substantiated. Since the salvarsan molecule is extremely labile, we decided to 
{solate it as the sulfate; the sulfate ts very slightly soluble {n water, can be casily fsolated from dilute solutions 
[1] and, what fs especially important, docs not require a change in temperature for its preparation, which could 
cause hydrolytic cleavage of the formed=As—O—As=bonds, 


To avold oxidation of the salvarsan, all of our studies were run {n a CO atmosphere. The sulfate was fso- 
lated as follows; the salvarsarfree base was precipitated by the addition of soda solution until neutral (to Htmus); 
the precipitate was filtered on a fluted fitter (vacuum-filuation requires much longer), and to the obtalned paste 
with stirring was added 25% sulfuric acid until acid to Congo, The sulfate was filtered (vacuum) and washed 
first with 0.5% H,SO,, then with water unul weakly acid to congoand, finally, with alcchol and ether, The ob- 
tained saltwas dried in vacuo over HzSO,y. A 1% solution of salvarsan in 1N and 2N HCI was used for study, The 
use of a 1% solution was duc to the fact that more dilute solutions are very easily oxidized by atmospheric oxy- 
gen (14), while more concenuated solutions have a much greater viscosity, especially the samples prepared by 
the Kober method, The usc of 1N HCl permitted obtaining easily reproducible results, The use of SN HCI for 
the hydrolydic cleavage of the=As—O-As=bonds was due to the fact that in this strength of acid, especially 
at 35°, the reaction procecds more rapidly than in .N HCI, The salvarsan used for study was obtalned by the 
reducdon of 3-amino-4-hydrox yphenylarsonic acid with NazS,0,4 since this method gives a purer compo_nd than 
that obiatned by the reduction of the corresponding nitro acid [15]. The salvarsan base obtained In this manner 
was converted Into the hydrochloride, both by the Ehriich method and by the Kober method, The {solaied hy- 
drochlorides (Enrlich’s *salvarsan®), the same as the sulfates obtained from them were dried, the same as before, 
under mild condivons—without heat, {n vacuo over H,SO, and KOH for 15 hours~in order to aycis che above 
merdoned dehydration, It was natural for the specimens dricd in this manner to contain a certaln amount of 
molsture’and to vary somewhat In thelr As content (in the range 29,80-31.607% As), but for further work this was 
inconsequential; the focine constant of salvarsan was caiculated by means of the formula ly = 14,95 *I:p, where 
I is the fodine number of salvarsan, expressed in ml of 0,1N lodine solution, consumed for the oxidation of 
0.1000 g of salvarsan, and p ts the percent As in the studied sample [7,11]. The preparation of the solutions for 
determination of the viscosity was always done insuch manner, taking the amount of As in the invesugated 
specimen into consideration, that 100 ml of dhe solution contained 0.12¢ g As (0.4% salvarsan solution, contain- 
ing 30.00% As). The method used to isolate the hydrochloride (either the Ehrlich method o¢ die Koder method) 
does not affect the value of the fodine constant of salvarsan (and cousequently~the number of As atoms In the 
elementary unit), which depends only on the reductien conditions, Salvarsan, obtained by the reduction of 3- 
amino-4-hydrox yphenylarsonic acid with NajS,0,, always has I, = 7.8 (11), and consequently its elementary 
unit contains p = 4: (8-I,) = 20 AsCgl!,(OH)(NH ) radicals. A study of the obtained salvarsan specimens gave 
the following results. 
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Salvarsan, Isolated by the Ehrlich and Berthelm method, contained 29.8% As. The clapsed time of flow 
of a 0.4% solution (Ostwald viscosimicter, t = 27°) was O min, 43 sec, The elapsed ume of flow of 18 HCI was 
0 min, 40.08 sec.; nrey = 1.075, "sp = 0.075; mol. wt. = 7200 [12]. 


Six grams of the studied salvarsan was dissolved in 600 ml of IN HCI, The flow Ume of the solution under 
these conditions was 0 min. 49.6 sec, The solution was allowed to stand In the absence of als (CO, atmosphere) 
at room temperature for 3 days. After this the flow Ume was 1 min, 50 sec, The sulfate, fsolated as Indicated 
above, contained 31.2% As. The Mowtime of a 1% solution (under the same conditions) was 1 min, 35 sec, The 
flow ume of a 0.4% solution was 0 min. 55.6 sec.; Nrel = 1.39, Tsp = 0.39; mol, wt. 2 37,000, As a result, the 
viscosity of a 1% sulfate solution fs essentially the same as the viscosity of the hydrochloride solution that had 
stood for 3 days, and fs constderably higher than the solution viscosity of the orlginal saivarsan, Such a simple 
ueatment of salvarsan leads to a S-fold Increase In {ts molecular welght, It 1s evident that 4 new=As—O-As= 
bonds were formed here, It seemed of great Interest to determine if the MW of the salvarsan, fsolated by the 
Kober method, could be increased in a similar manner—by prectpltation of an alkaline solution (“salvarsan 
phenolate") with excess concentrated hydrochloric acid, The salvarsan, obtained In this manner, has a very high 
mol, wt, and gives very viscous solutions, The specimen obtained by us contained 30.8% As. It dissolves very 
slowly in water and 1N HCI, undergoing swelling with the formation of clear, *elatinous clots, Shaking for many 
-hours {s necesszry to obtain complcte solution, In view of the fact that the viscosity of a 1% soludon In 1N HCI 
was slightly high (the elapsed ume of flow under these conditions was 22 min, 30 sec.), we prepared a 0.4% solur 
tion, Its elapsed time of flow was 2 min, 02 sec.; nyeq = 3.05; Nsp = 2.05; mol. wt. 193,000, The sulfate 
was fsolated aiter 3 days, The elapsed ume of flow of Its 6.4% solution was 7 min, 54 sec.; Nrey = 11.8; 15, * 
= 10,8, where mol. wt, 1,000,000, It fs Interesting to mention that in the case of the salvatsan, lsolate 
by the Kober method, Its molecular welght increased approximately the same nuinber of umes as cid the mole- 
cular welght of the salvarsan, Isolated by the P. Ehrlich method, namely, by approximately 5 Umes. It also 
seemed of great interest to determine If tt Is possible to take the salvarsan, {solated by the Kober method, f.e., 
giving very viscous solutions, and convert ft into a salvarsan that fs readily soluble in water with the formation 
of low-viscoslty solutions, l.e., the same type of salvarsan as {s obtained tn {ts fsolation by the Ehrlich method, 
The hydrolysis of such a high- molecular salvarsan was done as foliows; 5 g of the above described salvarsan, so- 
lated by Kober method (30.8% As; pe} (0.4% solution) = 3.05; mol. wt. * 193,000), was dissolved in 500 ml of 
2N HCl, The clapsed ume of flow of this solution under the above-described conditions was 22 min, 30,8 sec. 
After this soludon had been allowed to stand for many days at 35-36" the elapsed time of flow drepped to 1 min, 
0.4scc, The sulfate was fsolated as described above, We obtained 4 g of the salt, containing 30,4 % As. The 
elapsed ume of flow of a 0.4% solution in an Ostwald viscosimeter at 27 was 0 min, 47.6 sec.; the elapsed Ume 
of flow of a 0.4% solution of the saivarsan {solated by the Ehriich method was 0 min, 43 sec, To show that pro- 
found changes In the structure of the elementary unit had not occurred as the result of such treatment, the ob- 
tained sulfate was again converted by the Kober method into the hydrochiorlde, For this,2.2 g of the sulfate was 
dissolved in 16 inl of 10% NaOH solution, The soluticn was allowed to stand for a day (protected from oxidation 
by the use of vacuum). The next day 70 inl of 18% hydrochloric acid was added to the solution, The deposited 
salvarsan was filtered, washed with 18% hydrochloric acid, then with a mixture of hydrochloric acid and alcohol, 
next with a mixture of alcohol and ether, and finally with ether, The compound was dried in vacuo over HzSO,¢ 
and KOH, We obtained 1.65 g of salvarsan, The As content was 31.6%, The elapsed ume of flow of a 0.4% 
solution under the above-described conditions was 6 min, 14.2 sec, The presented expertments show {n a con- 

vinetng manner that the spontancous changes tn the viscosity shown by salvarsan solutions are, first, subject to 
definite laws and, second, they show again that the viscoslty of salvarsan solutions depends, not on whe formation 
of associates, but on the fact that slavarsan ts a tue high-molecular compound, the structure of which fs depicted 
by Equation (1), In water solutions, depending on the condidons (pH, temperature, concentration), the molecu- 
lar weight can either increase as the result of dehydration (the cleavage of HZO from theterminal grcups of the 
molecules), or it can decrease as the result of tie hydrolytic cleavage of the=As—O-Ase= bonds, It 1s also 
highly probable that most of the ‘arseno compounds® described in the Mterature are actually analogous polymers, 
with the exception, tc be sure, of those compounds that are colorless and have a crystalline form (arsenobeazene, 
arsenotoluene and certain oth-rs), However, a great muldtude of such “arseno compounds” have been described 
and they are devold of practical value, To be sure, an exception {s neosalvarsan, and here we hope to solve 
some of the problems associated with its structure In the near future, 
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SYNTHESIS OF 2-SUBSTITUTED DEHYDROQUINOLIZINIUM SALTS 


A.N. Nesmeyarov and M, I. Rybinskays 


In a serles of papers the authors, together with N, K. Kochetkov, communicated on the use of g -chloro- 
vinyl ketones as an exccedingly favorable starting material for the synthesis of varfous five- and six-membered 
heterocyclic systems. In the last paper on this subject we communicated on the synthes{s of the 4-alkyl-1- 
azadehydroquinollzinium salts (1}. 


In the present paper we also accomplished the synthesls of the dehydroquinol{zinium salts, In this case 
in the reaction with the acetals of acylacetaldehydes, easily obtained from g -chlorovinyl ketones by the method 
developed by us and N. K, Kochetkov (2), we made use of the Lithium derivative of a-picolinc. The reactlou 
went In accerd with the scheme; 


H 


OH 
(CH,CO:,0 
~ ———_- +> 
GR 
Br- Br- 


where R = CH;-, C;H;-, 


a-Picolyilitiium, reacting {n the cold with the dimethyl acetals of acylacetaldchyves, gives difficultly 
ether-soluble Uthium alcoholates of alcohol I, which can be filtered and washed with ether, thus being made 
free of trace amounts of original a-picoline and acetal, and then decomposed with water, The Il alcohols 
obtained !n this manner, are not Lsolated inthe free state, They were subjected to cyclization by boiling with 
excess concentrated hydrobromic acid, as a result of which the 2-hydroxy-2-methyt- and 2-hydrox y-2-phenyl- 
quinolizinfum salts (1H, 2H) (III) were obtalned, The latter are readily soluble in water and rapidly decolortze 
potassium permanganate solution, We were unable to fsolate the corresponding sait for R = CyHy in the crystal- 
line state, for which reason it was used in the next step without prior purification, The last step, dehydration 
by bolling with acetic anhydride, proceeds with exceeding ease, 


As a result, the method developed by us permits obtaining quite simply the previously unknown 2-substl- 


tuted dehydroqu'nolizintum salts, The ylelds of these salts, based on the starting acylacetaldehyde acetal, 
varied from 20 to 30%, 


The method proposed by us for the synthesis of dehydroquinolizinium salts, substituted In the 2 position, 
based on the starting substances, fs simpler dian those described in the Uterature (3-7}, 


7 
oir 
CH.LI O R CH, OH 
Cc N R HBr 
JN d CH, 
‘ 
841 


The odtained 2-substituted bromides are colorless ctystalline substances, readily 
soluble in water, 


_- The 2-phenyldehydroquinolizintum perchlorates and picrates are difficuitly soluble Iu water and alcohol 
and can be obtained by reacting the corresponding bromide with elther perchloric or picric acid, 


The odtatned dehydroquinolizinium salts do not decolorize potassium permanganate solution, and, con- 
sequently, do not contain nonaromauc double bonds, When hydrogenated over platinum black the 2-methyl- 
dehydroquindizinium bromide absorbs five moles of hydrogen, which Indicates the presence of five double bonds 
in the condensed ring, 


The 2-methyiquinolizidine hydrobromide, obtained as the result of hydrogenation, was converted Into the 
picrate, the melting point of which coincided with the melting point of the 2-methylquinolizidine picrate, lso- 
lated by Clemo and Metcalfe (8}. 


The absorption spectrum of 2-methyldehydroquinolizinium bromide {n water solution, taken {In the ultra- 
violet region, shows good agreement with the spectrum, taken by Boekelheide and Gall [4] for the dehydroquino- 
Uzinium fon, 


Amax 325; 317; 310; 306; 298; 294; 286; 283; 272; 261; 244; 233; 277 mp 
g 0.9; 0.51; 0.6; 0.35; 0.3; 0.2; 0.18; 0.18; 0.17; 0.15; 0.21; 0.7; 1.0°107 


EXPERIMENTAL 


2-Methyldehydroquinolizinium Bromide. To 13.2 g (0.1 mole) of acetoacetaldehyde dimethyl! acetal in 
100 mi of absolute ether in a nitrogen stream was added In drops with ice-salt cooling and vigorous stirring an 
ether solution of a-plcolylUthium, obtained from 9.3 g (0.1 mole) of a-plcoline (9). A colorless precipitate 
deposited, which gradually assumed an orange-red color, The precipitate was stirred for 1 hour at room tem- 
perature, then It was filtered rapidly and washed throughly with absolute ether, If a precipltate again deposited 
from the filtrate, then {t also was filtered and washed with ether. The collected precipitate was decomposed 
with water under ether, The ezher layer was separated, and the water layer was extracted twice with ether, The 
ether exuacts were dried over potash, The olly residue, obtained after distilling off the ether, was treated with 
30 ml of concentrated hydrobromic acid, and the mixture was heated on the water bath under reflux for 3 hours, 
Then the excess hydrobromic’ acid was vacuum-distilled, The residue was dissolved in 300-150 ml of water and 
the solution was extracted several umes with chloroform. The water !ayer was again evaporated tn vacuo, The 
re.idue was a viscous brownish mass, which crystallized on standing and rubbing the walls with a rod. The crys- 
tals were filtcred, We cbtained 6.5 g (27% of theory) of 2-hydroxy-2-methylquinolizinium bromide (1H,2H), 
m.p. 156-158" (after precipitation from alcohol with ether). 


Found % C 49.88; H 4.92; N 5.61; Br 33.40. CygHj,NOBr, Calculated % C 49.58; H 4.95; N 5.78; 
Br 33.05, 


Colorless crystals, readily soluble In water and alcohol, and decolorizing potasstum permanganate solution, 


A mixture of 1,1 g of 2-hydroxy-2-methylqunolizintum bromide (1H,2H) and 30 ml of acetic anhydride 
was treated with a drop of concentrated sulfuric acld, Yhe mixture was botled for 20 minutes, and after cooling 
the bromide was precipitated with ether, Yield 1 g (98% theory), m.p. 185-186" 
(after precipitation from alcohol with ether). 


Found % C 53,50; H 4,59; N 6.06; Br 35.57. CygHyNBr, Calculated % C 53,50; H 4,46; N 6.30; 
Br 35.66, 
Colorless crystals, read!ly soluble in water, and failing to decolorize potassium permanganate solution, 


2-Propyldchydroquinolizinium Bromide, Obtained in a similar manner from 12.0 g of proploacetaldehyde 
dimethyl! acetal and 7,0 g of a-picoline. Yield of 2-propyldehydroquinolizinium bromide 5.9 g (31.2% of 
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theory), m.p. 133-135", after precipitation from alcohol! with ether and drying {n vacuo at 100° and 6 mm, Ex- 
tremely hygroscopic, and ylelds crystallohydrates, 


Found C 57.23; H 5.80; N 5.32; Br 31.59. Cyst, NBr. Calculated C 57.14; H 5.55; N 5.85; 
Br 31.74, 


The bromide (1H,2H) was not Isolated in the pure state, 
since we were unable to crystallize ft, Consequently the viscous mass, obtained after cyclizadion, was used as 
such for dehydration with acetic anhydride, 


2-Phenyldehydroquinolizinium Bromide, Ovtained in a similar menner from 17,5 g of benzoylacctaldehyde 
dimethyl acetal and 8,4 g of a-picoline. Yield of 2-phenyldehydroquinolizinium bromide 5.9 g (21% of theory); 
hydrate, m.p. 193-194" (after precloltation from alcohol with ether), 


Found % C 59.24; H 4,61; N 4.69; Br. 26.38, Cy.H,,NBrxH,O. Calculated % C 59.21; H 4.60; N 4.60; 
Br 26.31. 


Perchlorate, m.p. 168-169.5° (from water, dried {n vacuo). 


Found C 59,00; H 4,04; 5111.55, CyHy:NOCI. Calculated C 58,92; H 3.92; Cl 11.61, 


Picrate, m.p. 168-170° (from methanol), - 


Found Je C 58.22; 1 3,32; N 12.98, CyHyNOz. Calculated Se C 58.06; H 3.45; N 13.13. 


The intermediate 2-hydroxy-2-phenylquinolizinlum bromide (1H,2H) was obtained as yellow needle crys- 
tals with m.p, 150-153° (after precipitation from alcohol with ether). Yield 6,3 g (22.4% of theory). 


Found %& C 59.31; H 4.66; N 4.49; Br 26.50. CysH,NOBr. Calculated % C 59.21; H 4.60; N 4.60; 
Br 26.31, 


Perchlorate, mp. 145-146" (fro1n methanol), 


Found % C 55,88; H 4,33; N 4.36; C1 10.81, CyHyNCsCl. Calculated Je C 55.64; H 4.32; N 4.32; 
Cl 10.97, 


Hydrogenation of 2-Methyidehydroquinulizintum Bromide, A solution of 6.239 g fo 2-methyldeh ydroqul- 
nolizinium bromide tn $0 ml of alcohol was hydrogenated over pladnum black at room temperature ard atmos- 
pheric pressure, Five moles of hydrogen was absorbed, The catalyst was filtered, and the filuate was evaporat- 
ed in vacuo to dryness, The residue, after 2 precipitations from alcohol with ether, had m.p, 221-223°, 


Found G C 51.34; H 8.64; N 5.93; Br 34.20, CyHyNBr. Calculated % C 51.28; H 8.54; N 5.98; 
Br 34.18, 
Picrate, m.p, 154-156 (from alcohol), 
Literature (8), m.p. 158°, 


The spectroscopic portion of the work was done In the Optical Laboratory of Acad. Sci, USSR Correspond- 
ing Member I. V. Obreimov in the Institute of Heteroorganic Compounds of the Academy of Sciences of the 
USSR, 
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THERMOGRAPHIC STUDY OF THE PROCESS FOR THE DEHYDRATION OF 
ORTHOBORIC ACID 


V.V. Urusov 
(Presented by Acadeinictan S,1, Volfkovich, April 22, 1957) 


Various viewpoints ex{st on the course of the process for the thermal dehydration of H,BO, to BOs. This 
process Is described in the literature as being a two-step process, in which HBO, ts formed as an Intermediate 
compound [1-3], as a three-step process, proceeding with the forination of the Intermediate compounds HBO, 
and HBC; [4], «s a three-step process, in the course of which the Intermediate compounds HBO, and H,8,0, ace 
obtained [5], and as an elght-step process, proceeding through seven intermediate sae sf of composition 
where n fs equal to 1 through 8 (6). 


However, of all of the enumerated Interrnediate compounds, only the metabortc acld has been studied in 
detail, has been acknowledged to be a chemical entity, and {s known at the prez2nt time In three modifications, 
monotropic with respect to each other [7]; the existence of the other compounds Is found questionable, 


In this paper we briefly report on the results obtained In a renewed study of the process for the thermal de- 
hydration of H,BO,, which was done by the thermographic inethod, 


Dehydration was accompUshed by heating the acid In Stepanov glass vessels [8] at a rate of 1-2° per min- 
ute and the following given values of the external pressure: 740, 600, 500, 400, 300, 200, 100, 75, 65, 50, 25, 
20, 15 and 10 mm of Hg. From the ebtafned thermograms it was established that the course of this process has 
a varlable character, depending on the values of the external pressure used, One-step, two-step and turee-steo 
paths for the dehydration of H,BO, were revealed, 


When H,BO, is heated at pressures ranging from 740 to 65 mm of Hg Its dehydration proceeds as a two- 
step process, with the formation of HBO ILI® as the intermediate compound, wluch finds reflecz-1 on the ther- 
mograms as two distinctly expressed endothermic effects (Fig. 1,8). : 


The first effect on such thermograms corresponds to the dissoclation of H,BO, to HBO, III and steam at 
temperatures ranging from 149 to 101°, depending on the valucs of the given external pressure, The second ef- 
fect on the thermograms {fs conditioned by the progyess of HBO, III fuston at 176°, provided the heating of the 
HBO, is done at a pressure of 740 mm of Hg. When H,B0, fs heated at a pressure of 600 mm of Hg and lower 
this effect corresponds to the progress of partial dehydration for the HBO, IL with the formation of a solution at 
temperatures ranging from 175 to 147°, depending on the values of the pressure, 


The solutions, formed as a result of the progress of the processes corresponding to the second effect, In the 
course of their further heating,boll away without the separation of a solld phase from them, which leads to ob- 


taining a melt of BO,, The process for the bolling away of the solutions does not find distinct reflection on the 
thermograms, 


The observed pressure for the dissociation of H,BO, into HBO, II and steam as a function of the tempera- 


ture fs depicted in the coordinates log p — : on Fig, 2 by the segment AB, As fs shown In tus Figure, it proved 


to be practically equal to the equilibrium prem, measured by several authors by the static methods under {so- 
thermal conditions (3,7}. 


Wi-third modification, 


as 


When the dehydration of H,00, ts run at a pressure of 50-15 mm of Hg It proceeds as a thce-step pro- 
cess with the formation of H5O, and a secend hydrated compound or solid solution, as Intermediate compounds, 
which finds reflection en the thermograms 2s three distinctly expressed endothermic effects (Fig. 1,b). 


Temperature 


Temperature 


Time —~ 


Fig. 1. Thermograms of orthoboric acid at variable pressure (mm of Hg): : 
a) 100, b) 50, c) 15, d) 10, 


The first effect on such thermograms {s conditioned by the progress of HBO, dissociation into HBO and 
water vapor at temperatures ranging from 96 to 83°, depending on the values of the given external pressure, 
The second effect corresponds to the dissociation of HBO, into a second intermediate hydrated compound or 
solid solution and water vapor, which occurs at temperatures ranging from 143 to 112°, depending on the values 
of the created external pressure, The third effect 1s conditioned by the dissoctation progress of the second hy- 
drated compound or solid solution into amorphous B,O, and water vapor at 144-150°, provided the heating of 
the H,5O, fs done at a pressure of 25 mm of Hg and less, When H,80, fs heated at a pressure of 50 mm of Hg 
dus effect corresponds to the progress of the partial dehydration of the second hydrated compound or solid solu- 
tion at 154° with the formation of a Uquid soluticn, which in the course of further heating bolls away without 

a solid phas* separating from {t, which leads to obtaining a melt of BO;. The boiling away of the solution 
does not find clear reflection on the thermograms, 


In the three-step process for the dehydration of orthoboric acid the observed presrure of its dissociation {nto HBO, 
and water vapor as a function of the temperanwe is depicted in Fig. 2 by segment BD. It proved to be below the 
equilibrium pressure, known from the Uterature [3,7], in the system H,BO,—HBO, IU—steam, depicted as a func- 
tiva of the temperature on the same plot by segment BC, This phenomenon, in all probability, 1s conditioned 
by obtaining in the dehydraifcn of H,80, at a pressure of 50-15 mm of Ig first a HBC with an unstable pseudo- 
sauctrre, as a result of which in the thermographic study the pressure In the system H,BQ, stable HBO, unstable 
steam was measured, and not the pressure fr the system H,BO, HBO, IN, steam. 


It could be postulated that the HBO, with an unstable pseudostructure was converted into a second hydrated 
compound or solid solution and water vapor without prior reconstruction of {ts crystal lattice, since the exother- 
mic effect corresponding to dus process was not revealed on the thermograms, The observed dissoctation pres- 
sure of HBO, as a function of the temperature fs depicted In Fig. 2 by segment EF, 


The second hydrated compound of solfd solution obtained In the experiments, with a BO, content ranging 


from £0,4 to 82.2%, in Its composition falls to correspond to any of the above enumerated compounds, described 
in the literature, 


a b 
Time — time 
d 
iy 
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4 
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249 266 249 252 255 260 260 266 LIF 
‘Fig. 2. The dissoctation pressures of orthoboric and metaborie acids as 
a function of the temperature, ABC) dissociation of H;80, into HBO, as 
the third modification and H-O (n); BD) dissoclation of H,BO, into HBO, 
of postulated unstable structure and HO (n); EF) dissociation of HBO, of 
postulated unstable structure into hydrated compound or solid solution 
. and HO (n), 1) our data; 2) data of [3,7] and others. 


The second hydrated compound or solid solution obtained in the experiments, with 2 B,O, content ranging 
from 80,4 to 82.27%, in its composition fails to correspond to any of the above-ennumerated compounds, described in 
the Iterature, 


When H,BO, {s heated at a pressure of 15 mm of Hg !ts dehydration can proceed partially as the described 
three-step process and partially as a one-step process, This phenomenon was cbserved in several experiments, 
being reflected on the thermograms as five endothermic effects (Fig. 1,c). The fisst effect on such thermograms 
corresponded to the dissociation of HBO, into HBO, and water vapor, beginning at 83° and proceeding at a rate 
sufficiently rapid for its reflection as a horlzontal area on the chart of a simple thermocouple, and then ceasing 
or showing sharp retardation, In connection with wiuch the formed mixture of H,BO, and HEO, was gradually 
heated to 98°, at which temperature the second process arese, corresponding to the second effect on the thermo- 
grams, The second process represented the dissoclation of H,BOy into arnorphous BA, and water vapor, It pro- 
ceeded to cumpletion, also being reflected on the chart of a simple thermocouple as a horfzontal area, and ceased 
in connection with the newly arlsen rapid progress of the first process, which led to a reduction fn the temperature 
of the formed mixture of H,8O,, HBO, and BA, to 83° and conditioned the appearance of the third effect on the 
thermograms, The fourth and fifth effects on the thermograms corresponded to the dissociation of HBO, Into a 
second intermediate hydrated compound or solid solution and water vapor at 112° and the dissocfation of the 
second intermediate hydrated compound or solid solution Into amorphous BJ, and water vapor at 144°, 


When H,BO, ts dehydrated at a pressure of 10 mm of Hg the dehydration proceeds as a one-step process, 
representing the dissociation of HBO, directly into amorphous B,O, and water vapor, progressing at 96-98° and 
being reflected on the thermograms as a clearly expressed endothermic effect (Fig. 1,4). This process testifles 
to the existence In the system BO,—H,O of a still not found eutectic, formed by orthoboric acid and boric an- 
hydride, 
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The paths revealed for tie dehydration of Hy30,, along which It can proceed at an external pressure of 
10-25 mm of Hg, can be of practical interest, since they permit escaping fuston In the production of boric an- 
hywride from orthobexic acid, using less vacuum in compattson to that proposed of running the process with a 
residual pressure of 1-2 mm of Hg [9] and 13-15 mm of Hg [10}. 
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METHYLATION OF CYCLOPENTENE BY THE METHYLENE RADICALS 
FORMED IN THE CONTACT REDUCTION OF CARBON MONOXIDE 
WITH HYDROGEN 


Ya. T. Eidus and M. Ordyan 
(Presented by Academician B, A. Kazansky, April 24, 1957) 


It had been shown earlier [1] that under the conditions for the catalytic hydrocondensation of carbon mono- 
xide with olefins [2] there occurs methylation of cyclohexene by the methylene radicals formed tn the contact 
hydrogenation of carbon monoxide with hydrogen, as a result of which the monomethyl and 1,2-dimethyl derl- 
vatives ofcyclohexene are obtained. Before that the Intermediate formation of methylene radicals In the cata- 


lytic synthesls of hydrocarbons from CO and Hy had been experimentally shown [3] by the method of 
benzene and toluene, 


In this paper we briefly discuss the results obtained In studying the behavior of another cycloolefin, namely — 
cyclopentene, in the hydrocondensation reaction with carbon monoxide, 


The apparatus and method of running the experiments remained the same as fn our earller studies [1,2], 


The starting cyclopentene was obtained from adipic acid through the stages of cyclopentanone, then cyclo- 
pentacol, and finally dehydration of the latter over aluminum oxide *o the cyclopentene, which was obtained 
in 85% of the theoretical yield, based on cyclopentanol [4]. The cyclopentene was distilled through a 40-plate 
column packed with triangular copper helices and had the following constants: b.p. 43.3°/729 mm, 
d?° 0.7716, njy 1.4221; found MR 22.44; calculated for CgtyF 22.62. Literature data: b.p. 44.2/760 mm, 


The cyclopentene entcred from an automtatc burette into a glass reaction tube (diameter 12 mm), con- 
taining 30 ml (23 g) of the catalyst usually used fn the reaction for the hydrocondensation of carbon monoxide 
with olefins, The length of the catalyst layer was 28-29 cm, The activity of the contact catalysts was tested 
on the reaction for the hydropolynierization of ethylene under the Influence of small amounts of CO In the pre- 


sence of Hy and proved to be quite high: the yicld of the hydropolymerizate was 500-600 mYcu m, based on 
the active gas (CO + Hy + C;Hy). 


Prior to the experiments with cyclopentene the contact catalyst was regenerated {n the usual manner, The 
contact catalyst was also regenerated after every 20-30 hours of operation, All of the experiments were run at 
190° and atmospheric pressure, All of the Liquid catalyzates obtafned In the work, were dried over anhydrous _ 
copper sulfate and then disdlled through the above Indicated column, 


Before studying the behavior of cyclopentene In the hydrocondensation reaction with CO, we studied the 
behavior of cyclopentene alone and that of its mixture with hydrogen under analogous conditions, 


It was revealed that cyclopentene, passed In an amount of 100 ml over the contact at a space velocity of 
0.26 Uter/Uterxhour, did not show any change. We obtained 98 ml of catalyzate, with dy’ 6.7716 and np 1.4221, 
and distilling at 44.2°/760 mm, Cyclopentene (200 ml) and hydrogen (27 Lters), passed together in the mole 
ratio 65,.4:34.6 over the same catalyst (after its regeneration) at a total space velocity for the vapor-gas phase 
of 113 Literyliter -hour, gave 2.7 liters of gas, containing 99.3% of Hy, and 185 ml of Uquid condensate, having 
6? 0.7583, nf} 1.4150 and bromine number 119.1, which corresponds to 51.4% of unsaturates, and boiling in the 


rey 44-497760 mm. The catalyzate (125 ml) was hydrogenated at room temperature over plaunized carbon 

2.5 g) with the addition of HF tCk. Here 16.6 liters of H; was — which corresponds to 50.5% of un- 
After hydrogenation the catalyzate had 0.7454 and np 1.4064, and distilled 
at $9.27/760 mm, f.e., tt represented pure (literature data; b.p. 49.26°/760 mm, dy’ 0.7454, ny 
1.4055 (6). As a result, the solitary reaction In tic experiment with a mixtwe of cyclopentene and hydrogen 
was hydrogenation to cyclopentane to the extent of ~ 50%, based on the cycloolefln. Neither the hydrocracking 
nor the hytrogenolysis of the five-membered ring [7] was observed, 


Next the cyclopentene was passed over new portions of the contact In a stream of a gas mixture of CO and 
Hy. The space velocity of the cyclopentene was 0,18-0.26 Iter/Uter *hour, that of the orginal gas was 25-36 
Uters/liter *hour, and that of the vapor-gas mixture was 71-102 literyUter *hour, The cormpodtion of the vapor- 
gas phase was 64.4-66.5% cyclopentene, 28.4-3C.9% Hy ard 4,5-5.3% CO, In 293.5 hours there was passed 1688 
ml of cyclopentene and 236.5 Uters (NTP) of gas; of which 197.5 Uters was Hg and 33,2 Uters was CO, We 
obtained 1606.5 ml of Uquid catalyzate (average yield 95 volume 7) at and 83,1 Uters (NTP) of gas; the Latter 
analyzed 66.5 Mters Hz, 8.4 Liters CO, 0.7 CO; and 1.8 liters Amountconsumed for reaction was (NTP): 
131.0 Liters Hg and 24.8 liters CO, which respectively corresponds to 66,3 and 14.1, based on the starting com- 
ponent, The amount of unsaturates In the catalyzate was 65-75% and It increased with reduction In the space 
velocity of the starting substances, When distilled through the column the catalyzate began to boll at 43.67 750 
mm, distilled to the extent of 2.5% in the range 43.6-44.2°, and to the extent of 93% In the range 43,6-49.3°, 
The residue, boiling above 49,3° (i.e., higher than cyclopentanc), represented 4.5 volume %, The Uquid cata- 
lyzate consisted mostly of a mixture of cyciopentene and cyclopentane, Hydrogenolysis of the five-membered 
ting with the formadon of pentane was not observed, The 43.6-44.2° fraction contained a small amount of all- 
phatic hydrocarbons, formed from CO and H. 


The hydrogenation of 170 ml of the Uquid catalyzate, obtained in one of the experiments and having 
d3* 0.7672, ny 1.4203 and bromine number 176.2, over plaunized carbon with the addition of ps Aig, at room 
temperatvre resulted in the absorption of 31.5 ters (NTP) of Hz. The hydrogenizate had dj” 0.7467, ny 1.4070 
and tromine number 0.0; when distilled through the column I{t degan to boil at 48.5°/760 mm and distilled to 
the extent of 95% at 49.1-49.3°/760 mm. Asa result, the reaction products, bolling above cyclopentane, were 
present to the extent of 4-4,5% In the catalyzate. 


- For a more deta!led study of these products, obtained from the ternary mixture CsH,—H,—CO, that portion 
boiling up to 49.3° was removed by distillarton from all of the catalyzate. From 1596 ml of Uquid catalyzate 
we obtained 65 ml of higher boiling residue, which represents 4.1 volume %, After boiling for 6 hours over 
metallic sodium and distillation thisresidue had d%? 0.7745, nf} 1.4247 and bromine number 73.2, and after hy- 
drogenation {n the presence of platinized carbon and HPtCk, at room temperature, with subsequent passage through 
KSM silica gel (a, = 14.7), it had dz? 0.7587, nb 1.4171 and bromine number 0.0. The hydrogenizate (38 
ml) was distilled through the column, The distillation curve fs shown in Fig. 1, while the fractions taken and 
thelr constants are given In Table 1, 


As can be seen froin Fig, 1, the curve shows three broad plateaus with b.p, 71-72, 102-103 and 131-1325 
corresponding to fractions U, IV and V (Table 1), 


Fractions I-V were investigated by the Raman spectruin method;* 


Fraction Il, Av: 312(0), 431(1), 532(3), 783(1), 802(3), 844(2), 890(8), 981 (3), 101809), 1087(3), 1136(2} 
1193(2), 1319(2), 1352(2), 1393(1), 1450(8); Fraction IIl,Av; 321 (1), 382(2), 426(3), 480(0), 533(3), £02(8), 
844(2), 891(4), 975(1), 1025(5), 1083(1), 1108(1), 1158(3), 1267(5), 1315(1), 1350(2), 1447(7); Fraction IV, 
Av: 387(2), 420(1), 444(2), 545(3), 769(6), 801(2), 844(3), 892(4), 934(1), 970(2), 1032(6), 1061(1), 1090(2), 
1128(1), 1160(3), 1201(1), 1249(2), 1263(2), 1305 (2), 1331(2), 1357(2), 1450(8b); Fraction V,Av; 320(1), 
364(2), 394(1), 422(1), 445(1), 458(1), 539(2), 574(0), 754(3), 770(1), 794(3), 841(3), 895(5), 975(1), 1012(2), 
1032(5), 1062(1), 1090 (2), 1134(2), 1161(2), 1187(2), 1261(3), 1303(2), 1349(2), 1451(9b). 


The opitcal cnatysis that fraction Il represents neadly pure methylcyclopentane (Uterature 
data: b.p, 71.86/760 mm, 3° 0.7486, ny 1.4098 (6), with traces of cyclohexane, Fraction II contains 60% 
© The spectra were taken and analyzed in the Laboratory of the Commission on Spectroscopy of the Academy 
of Sciences of the USSR by V. T. Aleksanyan and Kh, E, Szerin, for which the authors wish to thank them, 
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methylcyclopentane and 40% cyclohexane (Iitcrature data for cyclohexane: b.p, 80.75°/760 mm, ¢ 0.7786, 
n?? 1.4262 (6). Fizction IV consists of 10% cyclohexane, 35% methylcyclohexane (Literature data: b.p. 100.93°, 
dy 0.7694, nf} 1.4231 [6D and 557% ethylcyclopentane (Uterature data: b.p, 103.47"; 0.7665, 1.4198 
(6). Fraction V, which was not Investigated quanutatively, was shown to contain substantial amounts of ethyl- 
cyclohexane (litearture data; b.p. 131.78", 0.7879, ny 1.4320 [6)), ethylcyclopentane and propylcyclopen- 
tane (Literature data; b.p. 130.95", di” 0.7763, nfy 1.4263 [6 and small amounts of methylcyclohexane, It ts 
also possible for all of the fractions to contain small amounts of paraffin hydrocarbons, The latter could have 
been formed from CO and Hy. 


TABLE 1 
Yield based 
Boiling br tartin 
FractionNo. range, hydrogen 


-- -- 
It W—72 W.8 0.7443 1.4080 
13.3 0.7585 1 4146 
IV 94-105 21.4 1.4188 
195 —132) 0.7714 1.4258 
7) Residu 9 -- 


— 


Fig.1 Since, as we saw, hydrocracking of the cycloole- 
fin or of the cycloparaffin formed from it did not occur 

in the reaction of cyclopentene with CO and Hz, all of the hydrocarbons with a side chain on the five-membered 
ring, and also all of the hydrocarbons with a six-membered ring that could have arlsen only by the fsomeriza- 
tion of a five-msmbered ring with a side chain, were formed as the result of the hydrocondensation of cyclo- 
pentene with CO, Thz yield of these cyclic hydrocarbons, containing more than five carbon atoms ia the mole- 
cule, was ~33%cn the starting and 44% on the reacted CO, ff {t 1s assumed that each carbon atom fn the side 
chains of the five-membered ans six-membered rings, and also one carbon atom of the six-membered ring, came 
from the CO molecule, About 37 of the reacted CO was converted intoCO,, while the reimainderof~ 53% wascon- 
verted into aliphatic hydrocarbons by the Orlov-Fischer-Tropsch reaction. Not more than 6-7 ml ofhydrocarbons could 
have been formed in this reaction, which became distributed throughout the whole hydrocondensate, and on distillation 
also fell into different fractions (Table 1) and reduced the dj° and nb values of these fractions to a certain degree, 


As a result, the hydrocondensation of cyclopentene with CO tn the presence of Hy results in the appearance 
of a side chain: methyl, ethyl and propyl radicals, on the five-membered ring, Simvultancously with this there 
occurs expansion of the five-membered ring with the formation of the corresponding hydrocarbons, having a 
six-membered ring with a side chain of elther the methyl or ethyl radical, or without a side chain, The greater 
portion of the starting cyclopentene suffers hydrogenation to cyclopentane, 
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A NEW METHOD FOR THE SYNTHCSIS OF ORGANOTHALLIUM COMPOUNDS OF 
THE TYPE ArT1Xy 


V.P. Glushkova and Corresponding Member of the USSR Academy of Sciences 
K, A. Kocheshkov 


The lack of rellable methods for the preparation of compounds of the type ArTLXz, the difficul’;: of thelr 
preparation, and the siight study they have received censtitute a major gap In the ficld of organothalllum com- 
pound chemistry. 


Challenger's method [1] (via orgenoboron compounds) involves a number of stages and leads at the same — 
ume to ArTLX, (where X = halogen), l.e., to a class of compound with a tendency to undergo secondary reac- 
dons; 2RTIC], + TIC1,—> T1,Clg+ Thus Nametkin, Melnikov and Gracheva (2), following 
Challenger’s method or using the method of “reversible dispropordonation® (3], were led, because of the side 
reactions mentioned above, to describe the compounds ArT 1X (X = halogen) as substances with a yellow, orange 
and brown color, whereas they are really colorlcss (see below), 


In the present work we describe for the first time a method for the preparation of compounds ArT1X, (X = 
organic acid residue) using the reaction between uivalent thallium salts of organ: > aclds* and organomercury 
compounds; 


— [OOC-CH -F Cyl 5H gOOCCH (CHs)s- (1) 


The reaction, which takes place rapidly at room temperature In chloroform, gives good yields of com- 
pounds of the type ArTI(OOCR), which crystallize extremely well, Compounds of this type are stable, have no 
tendency to undergosecondary changes (in contraez to the corresponding halogen compounds), and are colorless, 


The reaction described In the Uterature [4] between diphenylmercury and thallium ufchlorlde, tn spite of 
the favorable ratio of the reagents (1 mole; 1 mold, has up to the present led only to Ar,T1X (X = halogen), 


By using the salts of organic acids we can cause the reaction to take place according to elther equation 
(1) or equation (2) (depending on the molar ratios taken); 


TIOOC-CH (CH), 2C,11,HgOOC-CH (CHy)s, (2) 


and by starting from the appropriate organomercury compounds we may atsc obtain organothalllum compounds 
ArTI(OOCR), or ArzTIOOCR with substituents fn the nucleus, 


The compounds ArT1(OOCR), obtained by us are identical with the compounds synthesized by the method 
of direct thallation worked out by us (5). Phenyludhallium dilsobutyrate may therefore be obtained from benzene 
and thallium ullsobutyrate (yield 90 %): 


*For the present work we used the salts of {sobutyric acid, but experiment has shown that the salts of other 
organic acids may be used, 
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The “reversible reaction 
(CoH,)sTIOOC-CH (CH,)3 + TI [OOC-CH (CH), 2C,H, [TICOCCH 


which took place in our case quanutauvely, also leads to colorless organothsIum compounds, 
Replacement of the organic acid residue by halogen according to the equation 
[OOCCEL (CE + Cyt, TICI, -+ 2 (CHI,),CH-COOH 

§ 


under the conditions of the experiment also led to no colo: formation, sothat the coloration described in the 
Urerature [2] {s the result of Impurities and {s not a property of the substance Itself. 


EXPERIMENTAL 


Thallium tlisobutyrate (1 mole) and dipkenylmercury (1 mok), Solutions of 4.65 g thallium ullsobuty- 
tate and 3,6 g diphenylmercury (each substance in 7 ml warm dry chloroform) were mixed and left to stand 
for half an hour at room temperature. The precipitate obtained was separated by suction and washed with pezro- 


leum ether. 43 of substance was obtaincd (87.9 %, equation (1)) with m.p, 221-222° after recrystallization 
from dichloroethane, 


Found Je T1* 44,82, 44.93. Calculated fo: Tl 44.84, 


Phenylthallium dilsobutyrate forms white crysta.s, stable In alr (in contrast to the ortginal tllsobutyrate), 


Thalllum wlilsobutyrate (1 mole) and d'phznylmercury (2 mole). 4.65 g thallium tllsobutyrate, dissolved 
by heating in 7 ml ¢ry chloroform, was mixed with 7,1 g diphenylmercury In 12 ml of the same warin solvent, 
The mixture was left for half an hour at room temperature. The precipitate obtained was separated by suction 


and washed with peuoleum ether, 3.6 g substance was obtained (80.9 % of theory, equation ( 2)), with m.p, 241° 
after recrystallization from dichloroethane, 


Found 71 45.59, 45.76. Calculated $e Tl 45.84. 


Diphenylchallium {sobutyrate {s a white crystalline material, stable in alr, 


Thallation of benzene, 2.35 g thallium ullsobutyrate and 2,5 ml of dry thlophene-free benzene (excess) 
were heated for 18 hours in a sealed vessel on a water bath, and the precipitate obtained on subscquent cooling 
was separated by suction and washed with petroleum ether, Yield of phenylthallium difsobutytate 90%, Mp. 
221° after recrystallization from dichloroethane, 


Found % Tl 44.53, 44.41. Calculated % Tl 44,84, 


Mixed melung point (sce previous experiment) showed no depression, 


Thallium trilsobutyrate and diphenylthallium {sobutyrate, 2.25 g (1 mole) diphenylthallium lsobutyrate 
(see above) In 45 ml dry chloroform was mixed with 2.35 g (1 molc) thallium uilsobutyrate In 6 tl of the same 
solvent, Part of the solvent evaporated on standing overnight in ar. open flask and the precipitate was separated 
by suction and washed with petroleum ether, 3.5 g of material was obtained (the mother Uquor ylelded a further 
0.9 g). M.p, 221-222" after recrystallizauion from dichloroethane, The mp, of the phenylthallium {sobutyrate 
prepared by the two other methods by us (see above) equals 221°, The yicld fs quantita- 
tive, 


* In every case the thaltiem was determined by the chromate method, 
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Mixed melting point (sce previous experiment) showed no depression, 


The conversion of phenylthalllum diisobutytate to phenylthallium dichloride. 2 g phenylthallium dilso- 
butyrate in 25 ml methanol was treated with excess 10-15% aqueous ammonia soludon, The precipitate ob- 
tained was separated by suction and washed with water, 1,5.N hydrogen chloride solution In methanol was then 
added to a suspension of the precipitate In 20 mt methanol unul acid to congo red. 1.06 g phenylthallium 
dichicride was obtained in the form of a white crystalline compound with m.p. 233° (with decomposidon). Mp. 
according to the literature data [1] 235° (with decomposition). 


Thallium tilsobutyrate (1 mol=) and di-p-bromophenylimercury (1 mole. A suspension of 5.12 g di-p- 
bromophenylmercury {n 20 ml warm dry chi roform was added to 4.65 g thallium tllsobutyrate dissolved Jn 
7 mil of the same solvent, At first di-p-bromophcnylmercury went into solution on mixing but later stopped 
dissolving. As all the material was added the mixture was heated unul the precipltate dissolved and then cooled 
to room temperature, The precipitate obtained was separated by suction and washed with petroleum ether, 
Yield 3.2 g (50% theory; equation (3), After recrystallization from dichloroethane the substance melted at hal 
(with decomposition, rapid heating), 


Found 1137.92, 37.77, CyHysTIBrOy. Calculated %; T1 38.20, 


The conversfor of p-hromophenylthallium difsobutyrate Into p-bromophenylthallium dichloride, An alco- 
holic solution (1,5 N) of hydrogen chloride was added to 2,5 g p-bromophenylthalliuni diisobutyrate dissolved 
in 50 ml alcohol, until acid to congo red, The solution was filtered to remove turbidity, evaporated at room 
temperature to small volume and the precipitate separated by suction. 1.6 g of compound with m.p. 261° was 
obtained, M.p, 262° after recrystallization from ethyl acetate, M.p. of di-p-bromophenylthalilum dichloride 
according to the Iterature data (6) 262-263°, 
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THE USE OF ALUMINUM TRIALKYLS FOR THE SYNTHESIS OF 
ORGANO-COMPOUNDS OF THE ELEMENTS 


L. 1. Zakharkin and O. Yu. Okhlobystin 


(Presented by Academician A, N. Nesmeyanov, May 8, 1957) 


In connection with the fact that organoaluminum compounds have recently become readily available 


thanks to the studics of Ziegler and coworke.'s (1), the question naturally arlscs of the possibillty of using them 
for the synthesis of organo-compounds of other elements, 


There are descriptions fn the patent Mterature of methods for the preparation of organo-compounds of 
zinc, cadmium and mercury of the type RMeX [2], and also of tlalkylborincs (3), from the halogen compounds 


of these elements and the mixture of alkylaluminum halides formed by the action of the corresponding alkyl 
halides on aluminum: 


3RX + 2 Al. —> RAIX, + R,ALX. 


Since this last reaction takes place only wich the lower alkyls (R not higher than C,H), the method des- 
eribed 1 not of sufficlently general application, and Mis, in conjunction with the necessity for using alkyl 
halides for the synthesls, docs not make this method preisrable to, for example, the organomagnesium synthests, 


Koster has recently pointed out the possibility of preparing alkyl derlvatlves of boron and s{licon, starting 
fhotn aluminum tlalkyls and boron tlfuorlde or silicon tetrachloride [4], In the present work we have studied 


the reaction of the haildes of boron, anumony, arsenic, phosphorus, tn and mercury with ufethylaluminum and 
ullsobutylaluminum, 


In all the cases studied an exchange reaction took place with the formation of aluminum halide and alkyl 
derivatives of the elements taken, 


The addition of boron uifluoride etherate (19.0 g) to ullsobutylaluminum (27.1 g) 7: a temperature of 
60-65° (duc to the heat of reaction) led to the formation of ullsobutyiboron, which can be distilled off directly 


from the reaction mass; yield 13.0 g (~ 60 % of theoretical), b.p. 174-1767745 mm; 57-58°/5 mm, nz"* 1.4188, 
Literature data [5 b.p. 86/20 mm, nj” 1.4188, 

When gascous boron uifluortde was passed Into a solution of trlethylalumnum In decalln, trlethylboron 
with b.p. 95-96" was formed, Literature data; b.p. 90-96° [6]. 


The reaction of tilsobutylaluminum etherate [from 20.0 g Al(iso-C4H,),] with a suspenston of andmony 
trifluoride (17.9 g) in ether took place equally readily; distillation of the reaction mass ylelded ullsobutylsd- 


bine in the form of a colorless quid, yield 22,2 g (77% of theoretical), bp. 101.578 mm, nb” 1.4955; a 
1,124, Literature data [7} bp. 135°/31 mm, d71.323, 


Found 4% C 48.48, 48,56; H 9.08, 9,06. CyHy;Sb. Calculated % C 49.17; H 9.28, 


The dibromide, prepared by hromination of uilsobutylsdbine in carbon tetrachloride, had a melting point 
of 95° (from ether) and gave no melting point depression when mixcd with a specimen of the dibromide (my, 
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94°) from tlisobutylstibine (b.p, 64-66’/1 mm, 1.4957) eynthestzed by us from SbCI, and 


It should be noted that the reaction of equivalent quantities of {fsobutylmagnesium bromide and SbC1, 
gives allsobutylsubine tn yields of only 22-23%; at the same ume the product Is colored (7). 


The reaction of rilsobutylaluminum (36.7 g, 1 mole) with arsenic wichloride (33.0 g, 1 mole) in ether 
did not give the mialkylarsine, the main oroducts of the reaction were fsobutyldichloroarsine and d'lsobutyl- 
chiczesrsine, When reaction was complete, the reactoa mass was treated with 200 ml hydrochloric acid (1:1) \ 
and the mixture of chloroarsines extracted with ether, Fractionation of the mixture ylelded: 


a) tsobutyldichloroarsine, yield 12g, bp. 57- 587/50 8 8 mm,np*"*1,5108, di? 1.4126, Literature data 
b.p. 95.87/50 mm, 1.4465, 


Found As 37.19, 37.11. CyH,AsCl,. Calculated % As 36.91. 


b) Dilsobutylchtoroarsine, yield 20 g, bp. 76-77/8 mm, 1.4862, dy 1.1265, 


Found % As 33,33, 33.49. CyHysAsCl. Calculated As 33.35, 


The reaction of tiiscbutylalumtnum with phosphorus trichloride 1s more complicated, As the result of 
a vigorous reaction which {s independent of the solvent taken (ether, n-heptane or excess PCI) there ts formed 
a complex of the reaction products with aluminum chloride, 


Isobutyldichlorophusphine may be distilled In vacuo from the reaction mass, The addition of 32.5 g ui- 
fsobutylaluminum to excess PC}, ylelded 11.5 g {sobutyldichlorophosphine, b.p. 149°, ny 1.4818, di” 1.1268, 
MRp 39.07, Calculated for MRp 38.55, Literature data; b.p, 155-157", d 1.1236 (9), b.p. 48.5- 
49.5°/12 mm, 1.4719, dg’ 1.172 (10). 


Found %: C 30,55, 30.67; 11 5.75, 5.88; Cl 44.27, 44.72; P 18.91, 18.85. CyHPCl,. Calculated ea . 
C 30.21; H 5.64; Cl 44.60; P 19.48, 


Further heating of the residue from the disullation of the fsobutyldichlorophosphine {n vacuo led to ex- 
tensive decomposidon with the formation of yolaule products and elementary phosphorus, 


The reaction of equimolecular quantities of ullsobutyl- or ulethyl- aluminum with mercuric beom‘de or 
chloride In ether or hexane gave chiefly the symmetrical dlalkylmercury derivaties, Thus the addition of ut- 
{sobutylaluminum (15.5 g) to a suspension of HgGr, (28 g) in 100 ml ether and subsequent decomposition of the 
reaction mass with ice and sodium bicarbonate yielded; a) diisobutylmercury, yield 16,0 g (65.5%, of theoretl- 


<a). b.p. 123-123.5°/65 mm, 1.4964, dv? 1,770. Literature data b.p. 108-109°/25 min, nj} 1.4969, 
1.7670, 


Found % C 30,02. 30.24; H 5.78, 5.70, CsHysHg. Calculated fx C 30.46; H 5.76. 


b) Isobutylmercuric bromide, m.p, 78° (from alcohol), giving no melting point depression when mixed 
with a specimen prepared from HgBrz aad tso-CyHyMgBr. 


Found % C 13,89, 13.96; H 2.68, 2.61. Calculated %¢ C 14,22; H 2.68, 


Mercuric chloride (27.1 g) and pores apace (11.4 g) in hexane (100 ml) gave diethylmercury, yleld 
g (58.6% of b.p. 95-96°/90 nm, 1,5400; d? 1.4658, Literature data; b.p. 57°/16 mm, 
71,5399 (12), 1.4660 [13}, 


The reacdion of stannic chloride (18,8 g) with uilsobutylaluminum (19,0 g) in heptane at 40-48° gave 
decomposition with NaOH solution)tetralsobutylun, yleld 8.5 g (53,$% of theoretical), bp. 128-129°/8 mm, 
n71.4751; dq? 1.0517, Literature data (14 bp. 143716.5 mm, 1.4760, 
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Found % C 55.00, 55.14; H 10.37, 10.59; Sn 33.77, 34.11. CygHySn. Calculated %; C 55.35; H 10.43; 
Sn 34,18, 


In addition, distillation of the residue over sodium may be made to yield mllsobutyltin oxide, yield 7.4 g, b.p. 
197-198°/12 mm, nj} 1.4850, dy? 1.1547, formed apparently by the dehydration of the corresponding hydroxide, 


Found % C 48,52, 48.71; Sn 39.90, 39.90; H 9.04, 9.31. CyH_.5n,0, Calculated % C 48.36; Sn 39.83; 
H 9.14, 


Thus in the case of the reaction of tiisobutylaluminum with stannic chloride, (lso-C4H,),Sn and (iso- 
C4H,},SnCl are formed, 
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SOME PRODUCTS OF THE ELECTROLYTIC REDUCTION OF GRAMICIDIN S 


T. 1. Orlova and N. I. Gavrilov 
(Presented by Academician A. N, Nesmeyanov, May 7, 1957) 


The idea of the presence In gramicidin S of a diketopiperazine ring, consisting of proline and phenylala- . 
nine, was arrived at [1] Indirectly — from the fact that the amount of amino nitrogen in the hydrolyzate of re- 
duced gramicidin § is 2 amino groups less dian fn the hydrolyzate of the unreduced gramicidin, We thought it 


important to {solate from the reduction products, 1,2-trimethylene-5-benzylpiperazine, derived from d-phenyl- 
alanyl-1-prolylanhydride, 


We reduced 1 g of gramicidin S but found no wace of the piperazine which we were secking. A base 
was {solated which proved to be d-phenylalaninol (a-benzyl-a-aminoethanol), N. 1. Gavrilov and A, V. Kop- 
erina [2] have observed the reducibility of Unear dialkylamides of phenylacetic acid, but they did not study . 
the reaction products in detail, For the present we refrain from dealing with the reasons for the formation of an 
amino alcoholin the clecuclytic reducdon of gramicidin S$; dus Is apparently the main course taken by the re- 


action, since the phenylalanine disappears completely while only d-phenylalaninol is found in the reaction pro= 
ducts, 


EXPERIMENTAL 


Electrophorctically homogeneous gramicidin S , recrystallized twice from alcohol and once from a mix- 
ture of chloroform and petroleum ether, was used in the electrolytic reduction, 


Electrolytic reduction of gramicidin S, The gramicidin S was reduced using the method previously des- 
cribed (1) at a temperature not exceeding 25°, The cathode solution after the reduction was evaporated in vacuo 
at 30-35°, the residue dissolved fa small quandty of water and extracted with methylene chloride to remove un- 
reduced gramJcidin S , The aqueous solution was evaporated in vacuo to give a residue of a hygroscopic sub- 
stance with m.p, 200-210° (with decompesition), 1 g of gramicidin was reduced In portions, An electrochroma- 
tog:am of the reduced gramicidin S was prepared Jn 30% acctic acid with a potential gradient of 6.8 volts/cem 
for Shours, Development with benzfdine and ninhydrin revealed one intense spot 7 cm towards the cathode 
from the point of «pplication and several less intense spots displaced 4, 5 and 10 cm towards the cathode, 


S,washydrolyzed with 10 ml 2¢7 HCI for 42 hours, the hydrolyzate evaporated fn vacuo, the residue dissolved 
in 2 ml water and chromatographed on Leningrad cluomatographic paper No, 2 using the solvent system butanol— 
water—acetlc acid in the ratio 4:5:1, The hyd:olyzate of gramicidin S was used as control, Four chromato- 


grams were developed using benzidine, fsatin and 0.4% solution of ninhydrin in methanol at room temperature 
and at 105°, 


Chromatographic examination of the hydrolyiate of reduced gramterdin S$, 100 mg of reduced gramicidin 


a) Development with ninhydrin at room temperature revealed the amino acids; ornithine (Rg = 0.06), 


proline (Rg = 0,28), valine (Rg = 0,47, leucine (Ry = 0,64), The proline appeared as an Intense yeHlow spot, 
There was no phenylalanine, 


b) Development with ninhydrin at 105° revealed the amino acids; ornithine, proline, valine, leucine and 
one further new substance with Rg = 0.75. There was no phenylalanine, 


c) On development with {satin (3) proline showed up as intense blue spots in the solution being studied 
and In the hydrolyzate of gramicidin S, 
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d) Development with benddine [4] revealed spots with approximately equal coloe density, correspond- 
ing co ornithine, proline, valinc, leucine and a spot with Rg = 0.76. There was no phenylalanine. 


Isolation of the organic base from the hydrolyzate of reduced gramicidin S, 1g of reduced gramicidin 
S,was hycrolyzed with 50 ml 20% HCI for 42 hours, The hydrolyzate was evaporated, the residue dissolved In 
a small quandty of water, the soludon made alkaline and extracted 5 Umes with redistilled methylene chlo- 
ride (10 ml portions), The methylene chleride was washed with 3 ml water, dried over fused KOH and the sol- 
vent clstilled off in vacuo. 100 mg of a white crystalline substance with a faint amino-Like odor was left, 
This was recrystallized from dry methylene chloride by the addition of low-bolling petroleum ether. Weight 
60 mg, mp. 90-91", M.p. d-phenylalaninol, according to the Mterature data, 91.5° (5}. 


Found N 9.25. C;H;,;NO. Calculated % N 9.25, 


The acid oxalate was obtained by precipitadon from alcohol with an ethereal solution of oxalic acld, mp. 
161-162°, According to the Uterature data for the acid oxalate of 1-phciylalantnol, m.p. 161-163" (6). 


Found % C 54.98; H 6.41; N 6.12, CyH,;NOg. Calculated % C 54.77; H 6.26; N 5.87. 


fhe d-phenylalaninol {solated was soluble {n alcohol, chloroform and ether, Insoluble Iu petroleum ether; its 
acid oxalate was Insoluble in alcohol, scluble in water; on treatment with periodic acid ammonia was evolved, 
detected using Nessler's reagent, and this fs a qualitative test for a-am{no alcohols [7]. The d-phenylalaninol 
{solated was chromatographically homogeneous and had R¢ = 0.75, On an electrochromatogram in 30% acetts 

acid with a potential gradient of 6.8 volts/cm Lt moved towards the cathode at the rate of 2 cem/hour. 
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THE PREPARATION AND CERTAIN PROPERTIES OF INTERMEDIATE PRODUCTS 
OF THE ARBUZOV REARRANGEMENT 


A. 1. Razumov and N. N. Bankovskaya 


(Presented by Academician A, E, Arbuzov, May 6, 1957) 


The rearrangement known In the world's chemical literature as the Arbuzov rearrangement takes place 
{n two stages with the formation of an intermediate product, The general scheme of the arrangement suggested 
by its author takes the following form {1} 


The rearrangement takes place betweencsters of uivalent phosphorus and compounds containing a mobile 
halogen. Approximately 400 varied examples of this rearrangemicnt are described {n the Mterature [2]. 


Other views on the mechanism of the rearrangement are eseainen it is rue — {t has been regarded as a re- 
action of an fonic (3] or radical type [4-6]. 


ROL 

{RO),P +R X —— RO—P —— RPIONOR), 
Nee 

t 


The possibility of an fonic or radical type of mechanism for the reaction Indicated fs not excluded tn 
individual cases, but there is very little experimental proof for ft. 


One of the best proofs of the two-stage process Is the Isolatton of the Intermediate products and their ther- 
mal decomposition {nto the halogen compound and the phosphinic acid derivative.® 


The first proof was given by A. E, Arbuzov, the author of thls rearrangement, by the thermal decomposti- 
tion of ulphenylmethylphosphonium fodide, prepared by Michactis and Kachne [7], Into lodobenzene and the 
phenyl ester of methylphosphinic acid.¢ 


Up to the present dme several intermediate product have been fsolated in an analyucally pure condidon 


{8-11}. 


All the intermediate products identified have been prepared by addition only to aromatic esters of trivalent 
phosphorus, Five of the compounds indicated undergo thermal decomposition In complete accordance with 
Arbuzoy's scheme for the rearrangement (1, 10, 11). 


In the case of the intermediate products obtained from aliphaudc esters of trivalent phosphorus, the opinion 
existed that they could not be fsolated due to their instability (1) and tendency to spontaneous decomposi- 
don [12]. Certainly, V. S, Abramoy and coworkers were able by a number of indirect proofs to show the forma- 
don of intermediate products in the reaction of aliphatic esters of phosphorous acid with a-,g -dibromodialkyl 
esters and to achieve thelr further thermal decomposition in accordance with A, E, Arbuzov's scheme, It was 
not possible, however, to isolate these intermediate products in a pure state (13, 14). 


Very recently an interesting report by G, Kh, Kamal and V, A, Kuukhin has appeared concerning the 
preparation of an acyclic intermediate productin the reaction of an allphatic phosphite with an a-, § ~unsaturated 
aldehyde, They were unable to identify this product (15}, 

Probably phosphonic Publisher. 
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Study of the Arbuzov rearrangement by B, A. Arbuzov and coworkers using physical methods also con- 
firms a two-stage pcocess for the rearrangement (16-17), 


The authors of the preseat work were of the opinton that, if the Intcrmed{ate products are unstable, they 
are all the more $0 as a result of the application of heat, with which the Arbuzov rearrangement between all- 
phatic phosphites and alkali halides most often takes place, Intermediate products secmed more likely to be 
abdtzined with those aliphatic derivauves of trivalent phosphorus which are capable of undergoing rearrange- 
ment without the application of heat, f.e., whose tendency to undergo the addition reaction was most powerful, 


The esters of the diatkylphosphinous acids chosen for this purpose showed that they were capable of react- 
ing with alkyl halides without the application of heat, Moreover, the addition of methyl fodide to the ethyl 
ester of ediylphosphinous acid at room temperature led to a powerful explosion with decomposition of the pro- 
duces and evolution of lodine vapor, 


When the same reaction was carried out at—S", It took place quictly and was complete in approximately 
30 minutes with the formation of a crystalline product, The cyrstals, when washed with dry ether, were analyt- 
. cally pure, had m.p, 56-58° and corresponded in composition to methyldiethylethox yphosphonium fodide The 
yield was quandtative, 


Found %< C 30.94, 39.83; H 6.68, 5.70; P 21.00, 10.90. Cyt,,OPI. Calculated % C 30.43; H 7,24; 
P 11.23. 


_ The reaction of ethyl iodide with the same ester took place at room temperature (21°) and was complete 
in 22-23 hours with the formatica of a crystalline product, The crystals when washed were analyucally pure, 
had mp, 79-81° and corresponded in composition to triethylethox yphosphonium fodide, 


Found % C 33.30, 33.22; H 7.09, 7.10; P 10.40, 10,22, CgH;,OPI. Calculated % C 33,10; H 6,86; 
P 10.68. 


The reaction of n-propyl lodide with the same ester was complete In 42-44 hours at room temperature 
(18°) with the fotmation of crystals with m.p, 73-75°, analytically pure and corresponding to the composition 
of n-propyldiethylethox yphosphonium iodide, 


Found 4z C 35,60, 35.65; H 7.24, 7.21; P 10.54, 10.48. CsH,OPl, Calculated %e C 35,55; H 7,23; 
P 10.19. 


All three products are readily soluble in polar solvents and also in benzene, They are insoluble in carbon 
teaachloride, 


To examine their stability, all dee products were placed in a vacuum desiccator over phosphoric an- 
hydride, Observation showed that the products were unstable and decomposed spontaneously, Their Ufetimes 
varled and depended on the structure, The first survived for 24-25 days at room temperature (18°), the second 
— 15 days (21°) and the third — 10 days (18°). 


It {s interesting in conncetion with the kinetics of process that for a period in thelr lives the crystalline 
structure cf the products did not change visibly, after which Uquefaction began rapidly In the cowse of twenty- 
four hours and all the crystals were converted into a uniform quid mass, which we took to indicate the end of 
stage Il of the rearrangement, It Is possible that the dissociation process begins even earlicr, but there is no 
doubt that in such a case it proceeds very slowly and only towards the end does It go rapidly to completion, 


It is probable that we shall soon be able to determine the order of reaction of both stages I and HM, which 
up to the present fs not quite clear, At higher temperanwes the rates of both stage I and stage Uf of the reaction 
are considerably Increased, Thus when the reaction was carried out in a thermostat at 45° (4 0.1°), the forma- 
tion of wiethylethosyphosphonium fodide was complete in 20 minutes and the rearrangement complete in 5 hours 
45 minutes; at 55° the corresponding umes were 10 minutes and 2 hows respectiveiy, 


The decomposition of the phosphonium compounds leads to the formation of phosphine oxides in accordance 
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with the Arbuzov rearrangement, The latter are evidently present in solution In the alkyl halides formed, 
When the desiccators were opened ft was found that the vacuum had been reduced o¢ had disappeared, whilie 

a strong odor of alkyl halide was observed, When the latter was rernoved under vacuum the crystalline phos- 

phiine oxides remained, It proved very difficult to carry out an analysts of the oxides, however, because of 

thelr exceptionally high hygroscopichty, The oxides were therefore identified in the form of thelr complex 
compounds with gold chloride, Thus ulethylphospline oxide, when mixed with gold chloride {n acidifled aqueous . 
solution, formed golden yellow crystals of a complex compound with m.p. 53-54°, Literature data 54-56° (18). 


The dipole moment, measured for n-propyldicthylethox yphosphonium fodide, ts fairly high (5.03 D*). 
A similar value has been obtained for methyluiphenox yphosphonium fodide [16]. It 1s probable that the bond 
in quas{phosphontum compounds fs not purely covalent or fonic, 
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THE POLYMERIZATION AND CYCLIZATION OF ISOBUTYLENE 


L. B. Rapoport, R. M, Flid and K, Lis 
(Presented by Academician B, A, Kazarsky, May 4, 1957) 


The polymatzatton of olefins with different numbers of carbon atoms takes place at low temperatures, 
at atmospheric or ralsed pressures In the presence of different catalysts [1,2] with acidic properties, 


Thermodynamic data on the polymerization of {sobutylene show that at 100-200" this reaction takes 
place extensively, 


Increase {n temperature leads to a See tn the activity of the catalyst as a result of poisoning by resl- 
nous products, 


H, Watermann and ceworkers [3] have studled the polymerization of {sobutylene on aluminosilicate cata- 
lysts and have shown that the products of the po} ymerization obtained on synthetic and natwal aluminosiIcates 
are of identical composition, B. A, Kazansky and M, U, Rozenhart [4] have studied the polymerization of butyl- 
enes on an aluminosilicate catalyst and have shown that the matin products are dimers and uimers, According 
to the data of these authors, the rate of poly merization of {sobutylene {s much higher than that of butylene, Iso- 
butylene {s convercted to polymers at 200° in approximately 60.0% yleld. The polymerizauon of butylenes 
on aluminos{Lcate catalysts 1s accompanted by lsomerization with the formation of different {someric octenes, 
G.N. Maslyansky and coworkers [4a] have shown that over an alumi{nos{licate catalyst butylene forms olefinic 
hydrocarbons at 370° and aromatic hydrocarbons at 450-500", A. V. Topchilev and B, M, Tumerman [5] have 
studied the polymerization of {sobutylene over the ethyl etherate of boron affluoride, deposited on active 
charcoal, at temperatures from 5 to 130°, with the forniation chiefly of ulmers, According to the data of Ya. 
M, Paushkin and coworkers [6], {sobutylene Is polymerized over boron tlfluoride with the formation of highvr 
polymers, The presence of di-, uf-, tetra- and pentamers has been established {n the products of the catalytic 
polyme:{zation of {sobutylene over varlous catalysts. 


This short Uterature survey shows that the polymerization of fsobutylene takes place readily over various 
catalysts at 20-200° with the formation of di-, tri-, tetra- and pentarrers, 


Thermodynamic calculations show that for tsobutylene an aromatization reaction ts possible as well as | 
the polymerization reaction (see Table 1). 


The thermodynamic analysis carrled out by us of 
TABLE 1 
the overall reaction, at well as its separate stages, leads 
Value of Kp for the reaction 2 CgH + to the following main conclusions; 
+ 3H, at P =1 atm 


1. The overall reaction 2C4H, + CH £CHy), 


(o-,m-, p-) (Table 1) ts possible (at P = 1 atm.) with 
At 400° 500°K|At At700°K practically complete conversion of the fsobutylene even 
at low temperatures (120-130°) with the formation uf 
chiefly m-xylene, 
o-Xylene 1.23-10?] 3 47-109] 3,32-10*) 1.78-10° 
-Xylene | 4.37-10* The equilibrium for the stage of cyclization of {so- 
-Xyl 4.8-102 | 4,03.108] 3.47-404 1.56-4 é 
ylene [14.44.40] 724.408 octene into the fsomeric (cls- and trans-, o-, m-, p-) 
cm dimethylcyclohexanes {s practically displaced to the rignt 


independently <i temperature, 
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2. The degree of dimerization of Lsobutylene falls with Increase in temperature, With Inctease fn pres- 
size the ieaction Is displaced slightly to the right. 


3. The equilibrium yield of xylene mixture from the dehydration of the lsomertc (cls- and tans-, o-, 
™m-, p-) dimethyleyclohexanes Increases with increase In temperature, Practically coinplete conversion may 
be achieved at T = 600° K (at P = 1 atm). 


The possibility of forming 2 mixture of xytenes from {sobutylene will be determined by the conditions 
for accomplishing the last stage of the process — the dchydrogenadion stage, 


Increase {n pressure makes {t necessary to Increase the temperature of the process, 
The tado of o-, m- and p-xylenes fs 131.25: 0,80 at 600°K and 1:1.1:0,83 at 700°K. 


When oxide catalysts are used the temperature of the process (even at P = 1 atm) must be higher, which 
is connected with the conditions for the desorption of hydrogen, 


It is most desirable to carry out the proccss at Increased pressures, since under these conditions: a) the 
dimerization stage of the lsobutylene {s made easter; b) longer cromauzation cycles are achieved, 


On the basls of the Mterature materfal and the calculation data given above ft fs to be expected that an 
aromatizadon reacdon can be carried out over aror-auizauion catalysts, It fs known that the latter consist of 
chromium oxide or molybdenum oxide precipitated on active alumina, 


The present communication fs devoted to a suidy of the polymerization and aromatization reaction over 
MoO,—Al,0, catalyst, 
EXPERIMENTAL 


The fsobutylene for the polymerization and aromatization process was prepared by passing lsobutyl alcohol 
over active alumina at 350°, The Isobutyiene obtained In this way contained strictly lsobutylene 97-99". 


The catalyst used in the process was MoO, deposited on AID. 
The experiments were carried out in a flow system. 


As can be scen from the data given in Table 2, an increase in the temperature from 120 to 385° reduces 
the yields of Liquid products. At 300° hydrogen {s already appearing in the residual gas, The refractive index 
of the Uquid products increases, Further increase in the remperature to 450° causes practically no change fn the 
yield of liquid products, but the refractive index of the latter Increases; the hydrogen content of the residual gas 
increases, 


TABLE 2 


Influence of Temperature on the Yield and Compos{udon of the Polymerization Products (volume rate 100, P aun) 


Temperature,| [sobutylene re- | Yield of liquid | Refractive |Condensation pro- | Composiuon of the exit gas, 
acting, % products, index, nfy ductson the cata- | vel. % 
lyst, g co,| CO] H, 

120 91.0 2740.0 1.4281 2.17 | 98.5) — 
200 12.4 2950.0 1.4258 2.50 1.10] 0.40}- | 98.5] 
300 26.7 530.0 1,4348 1.23 1,20} 0,30) 1.1] 97.4] 
350 18.6 197.0 1.4415 1,60 1,06] 0,10] 3,0) 93.5] 2,4 
385 21.0 35.7 1.4880 2.10 1.20] 0.20} 8.0] 89.0] 1.6 
400 22.2 37,1 1.4991 2.00 1,55] 0,10] 21-9 84.594 2.7 
425 23.7 40.0 1.5120 1,55] 0,10] 14.4) 81.79 2.2 
450 21.5 36.0 1.5220 2.50 1,55 | 0.10] 21.5 sms 6.8 


The data given in Table 3 on the analysis of the Uquid products, taken together with the data given fa 
Table 2, suggest that, up to 200°, fsobutylene In contact with a mixed hates des in catalyst undergoes polymert- 
zation with the formation of di- and uilsobutylene, 
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TABLE 3 


Yields and Characterfstics of the Fractions Obtained on Passage of Iscbutylene Over Catalyst at Different Tem- 
peratures 


Boiling Product obtained at 120° Product ovtained at 200° 
range, | rield, |bromning yicld, 20 a9 [bromine 
weight % | "o 20 Inumber| weight, %| "2 | |numbec 


72-102 9.25 4.4123 12.1 1.4118 - 
102 -109 31.20 0.7253 174.4 4.8151 | 0.7280 | 134.9 
109-115 1.85 4.4482 2.6 4.4218 1.7 
120-122 0.55 1.4m | 9.4610 06.9 
132—170 43.50 1.4343 0.7082 


° 


2.3 - 


Loss 


Boiling Product obtained at 300° | Product obtained at 400° 
yield, 20 29 bromine yield, 2 [bromine 
weight, % "D pumber weight, | umber 
42-12 89 1.4050 - 162.0 
102-199 4.4168 0.7.49 151.7 132 —145° 4.4858 399.2 
29.1 1.428 0.7357 17.3 - pth 
115-120 7.8 1.4241 155.5 148—17u* 
19.98 1.5049 
$.9 ina.2 
>170 4.4757 2.55 - ~ 
Above 
7.3 1 550 


Even in the experiments carrfed out at low temperatures, an Increase In refractive index was observed tn 
the f action boiling above 170°, The refractive Index Lncreases with Increase In the temperature of the expert- 


ments carried out at 300 and 400°, the fractions boiling above 170 and 132° respectively have high refractive 
indices, 


Spectral analysts of the fraction boiling at 132-148*, obtafncd in the expertment at 400°, showed the pre- 


sence of approximately 10% olefins and 907% aromatic hydrocarbons, Including approximately: 25 p-xylene, 
m-xylene and 30% o-xylene, 


A reduction or increase in the volume rate In the mits 50-200, fn the expertments carried out at 400°, 
causes a decrease in the ylelds of the products, an Increase In the volume rate brings about a considerable re- 
duction in the refractive index, Thus for example, the product obtained at 400° and a volume rate of 50 had 
nd = 1,4976, at a volume rate 10Q ny = 1,4991, and at 200, 1.4770, respectively. 


In the experlmenis carried out over MoO4/A1;0, catalyst, a lowering of the activity of the catalyst with 
time was observed, particularly at temperatures of 300 and 400°, At these temperatures the catalyst operates 
for 120-180 minutes without significant decrease in activity, after which its activity begins to fall, Regenera 
ton of the catalyst may be achieved by removing {t from the reaction tube and Igniting {n a muffle at 450-500° 
for 120-160 minutes in an atomosphere of alr or in a stream of an Inert gas containing sufficient added alr to 
bring the concenuration of oxygen in the gas to approximately 5% at these temperatures, 


To confirm that the acdvity of the catalyst remained unchanged on regeneration, more than 10 cycles of 
butylene aromatization and subsequent catalyst regencration were carried out with the same specimen of catalyst, 
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The data given tn Table < show that the activity of the catalyts does not change after regeneration, 


TABLE 4 


The Influence of Regeneration cf the Catalyst on Its Activity (quanuty of catalyst 60 ml, t) 400°, volume rate 
100, duration of working cycle 120 minutes) 


Yreldol hiq- ‘omposition of exit gas, vol. 
c Se 
= 
Regeneration number co] m : 
Ela 
Fresh catalyst 7.7 9.4991] 195 1 4.55 | 0.19 |10.95/84.7 | 2.7 
After regeneration 62.5 [50.3 | 1 4920) 1.80 1.10 | 0.49 [12.00] 83 | 2.7 
66.0 152.3 | 1.4821) 1.90 | 1.20 | 0.59 | 16.30] 79.20) 2.8 
> s 53.0 }40.0 | 1.4975) 1.70) — 
» IV » 66.0} — 1.4905] 1.90] 0.79} — [16.10] 8.40] 2.80 
» Vv > 1.4851 1.70 11.00 | — 16.80] 79.20) 3.0 
» Vil . 61.0 | 51.60] 1.4860] 1 80 | 0.90 | 0.10 | 15.70) 89 70} 2.6 
>» Vill 70.0 54.6 | 1.4848) 1.60] — | — -- 
» 72.7 [55.6 | 1.4840] 1.80 | | 0.20 | 13.40] 82.40} 2.90 


The process fs completely stable over the regenerated catalyst. 


The results obtained lead to the following conclusions; 


1. The possibility of poljmerization and subsequent aromatization of Lsobutylene over a molybdic-alumina 
catalyst has been shown for the first Ume, 


~ 2, At temperatures up to 200° the reaction over the molybdic-alumina catalyst proceeds with the forma- 
don of di-, and higher polymers. As the temperature Increases the direction of the reaction changes and 
aromauc hydrocarbons appear the catalysis products, 


3. In the fraction boiling at 132-143°, obtained on the passage of fso-butylene over the molybdic-alumina 
catalyst at 450°, up to 60% par2- and meta-xylene, or approximately 6 g In 1 m® gas, has been obtained, 
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SOME SILICOHYDROCARBONS OF THE DISILANOMETHANE AND 
DISILANOETHANE SERIES 


Academician A. V. Topchiev, Nametkin and F. F. Machus 


In a number of earlier communications we have described sillcohydrocarbons of the distlanomethane 
and disilanoethane serles, prepared by the reaction of organomagnesium compounds with hexachloro, pentachlo- 
ro and tetrachloro derivatives of distianomethane and with hexachlorod{s{lanoethane [1-6]. It has also been 
shown possible to carry out an addition reaction of pentachloro- and tetrachlorodisilanomethane to unsaturated 
hydrocarbons, leading to the formation of alkyl- and dialkylchloro derivatives of disilanomethane (7), 


In the present commmunicauon a descripdon fs given of s{licohydrocarbons of the dis{lanomethane series 
with varfous organic radicals, prepared by the reaction of organolithlum compounds with the alkyl and dlalkyl- 
chloro derivatives of distlanomethane already described by us [7] and also of the hexaoctyl derivatives of dist- 


lanomethane and disilanocthane prepared by the reaction of organomagneslum compounds with kexachlorodisl- 
lanome thane and hexachlorodis{lanoethane, 


The properties of the silicohydrocarbons obtained are given in Table 1, 
EXPERIMENTAL 


1, The preparatton of hexyltetraethyldistlanomethane, 17.3 g hexyltetrachlorodisilanomnethane was added 
to ethylmagneslum bromide prepared from 33 g ethyl tiomide and 7,3 g magnesium in 100 ml ether, The re- 
action mixture was heated for 2 hours on a water bath, the ether distilled off and the product heated for 2 hours 

-on an oll bath at 125°, 3.7 g (SS yleld) of hexyltetracthyldisilanomethane was obtained, B.p, 125-130°/2 mm, 


Found % C 66.04, 66.03; H 12.28, 13.38. CysH,S!,, Calculated % C 66.09; H 13.31, 


2. The preparation of 35 g was added 
to butyllithium prepered from 14 g lithium and 140 g butyl bromide fn 4°9 ml ether, The reaction mixture was 
heated for 10 hours on a water bath, Disuilladon over metallic sodium yielded 30 g (687% yield) of hexylpenta- 
butyldistlanomethane, B.p, 179-181°/2 mm, 


Found C 73.85, 78.66; H 13,63, 13.63. Calculated C 13,55; H 13,72, 


3. The preparacon of heptylpentabutyldisilanomethane, 33 g heptylpentachlorodis!lanomethane was 
added to butyllithiumn prepared from 14 g Uthium and 1-40 g butyl bromide in 400 ml ether, The reaction mass 


was heated on a water bath for 10 hours, Distillation over metallic sodium yielded 28 g (64% yield) of heptyl- 
pentabutyldisilanomethane, B.p, 185-188'/ 2 mm. 


Found % C 73,87, 73.96; H 13,58, 13.53, CysHe2Stz. Calculated % C 73,92; H 13.74. 


4. The preparation of 7 g dihexyltewachlorodisilanomethane was 
added to butyllitdidum prepared from 3 g Udulum and 28 g butyl bromide tn 100 ml ether, The reaction mixe . 
ture was heated for 12 hours on a water bath, Distillauion from metallic sodium yielded 4.7 g (53% yield) of 
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TABLE 1 


Some from Disilanomethane and Distlanoethane 


Compound Formula | nD 
P C/mm mer-} found 
1} Hexyltetreethyl- | 125—130/2 }0.8344/1.4605] 92.09] 92.40 
disifanomethane 
Call, SiCtl,Si— tl 
dunt, 
2 Hexylpentabutyl- C,H, C,H, 179—181/2 0.8334 146.02 146.40 
% 
silanometiare 
H, C,H, 
Heptylpentabutyl 185—188/2 |0.8391]}4 4646) 149.67/151 
silanomethane CH,SiC\H, 
atl, C,H, 
4 Dihexyltctrabuty} 199—203/2 8354/1 
disilanomethan?z 
aH, Hy 
5] Diheptyltetrabu- C,tt, C,H, 121—125/2 |0. 8396/1 .4673/164.28)164.92 
tyldisilanometh- | ! 
ane C,H, 
C,H, C,H, 
g| Hexaoctyldisi- Citi, Cite 235—286/3 4693/248.52]258.26 
lanomethane 
SICH SiC, 
7) Hexaoctyldisi- 299-301 /3 .8426/4 89 
Va h 


of dinexyltewabutyldisilanomethane, B.p. 199-203°/2 mm, 


Found C 74.21, 74.23; H 14.04, 13.98, Siz. Calculated % C 74,27; H 13.76, 


5. The preparation of diheptyltetrabutyldisilanomethane, 8 g was 
added to butyllituum prepared from 3 g Uthlum and 28 g butyl bromide in 100 ml ether, The reaction mix- 
ture was heated for 12 hours on a water bath, Distillation from metallic sodium ylelded 5.4 g (S6% yleld) of 
diheptyltetrabutyldis{lanomethane, B.p, 121-125°/ 2 mm, 


Found C 75,68, 75,69; H 14.09, 14.16, Calculated C 74.92; H 13,79, 


6. The preparation of hexaoctyldisilanomethane, A mixture of 290 g n-octyl bromide and 35,5 g hexa- 
chlorodisilanomethane tn 150 ml ether was added to 36 g magnesium in 150 ml ether, The reaction mixture 
was heated for 3 hours on a water bath, the ether distilled off and the product heated for 3 hours on an oil bath 


| 
8712 
= 


at 150-160". 40 g (40.4% yleld) of hexaoctyldistlanomethane was obtained, B.p, 285-286°/3 mez, 


Found C 78,56, 78.35; H 14,01, 13.98, Calculated C 78,52; H 13.98, 


7. The preparation of hexaoctyldistlanoethane, A mixture of 290 g n-octyl bromide, 36 g hexachloro- 
disilanoethane and 150 ml ether was added to 36 g magnestum and 150 ml ether, The reaction mixture was 
heated on the water bath for 3 hours, the ether distilled off and the product heated for 3 hours on an olf bath at 
150-160°, 43 g (44.3% yleld) of hexaoctyldis{iancethane was obtained, B.p, 299-301°/3 mm, 


Found % C 78.63, 78.72; H 14,05, 13.95. CgsHygSlg. Calculated %e C 78.65; H 13.99, 
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THERMAL DECOMPOSITION OF CELLULOSE AND ITS STRUCTURE 


O. P. Golova and R, G, Krylova® 
(Presented by Academician V. A, Kargin, June 29, 1957) 


In an Invesugation of the thermal decompusition of cellulose, {n which condidions of {naccessibillty of the 
bonds In the denser portions to a reagent were eliminated, we obtained data that permitted us to make a serles 
of assumptions concerning both the mechanism of decomposition of cellulose and its suucture, 


For the Investigation, we used cotton cellulose that had been processed under mild conditions according 
to the method of Corey and Gray, with an inidal degree of polymerization (DP) of 2800 and 1500 (samples No. 
1 and 2) and 700 (sample No, 3, prepared by slight hydrolysis of sample No. 2),(DP determined from the charac- 
teristic viscosity of the nitro derivative by the standard method), 


The Investigation Included the following phases: 1) carrying out the thermal decomposition of cellulose, 
2) obtaining and analyzing the decomposition products, and 3) determining the Properties of cellulose Itself 
after a known period of heating. 


The thermal treatment of the cellulose was carrled out {n a cuartz apparatus, Inserted Into a 
and preheated to a constant temperature of 300°, 


The cellulose, dried to constant welght at 105° for 6 hours, was Introduced into the quartz apparatus within 
30 seconds with the ald of a magnetic device, 


After definite Intervals of thermal action (5,10,20,40 and 90 min) the experiment was terminated by lower- 
ing the furnace, The decomposition products were analyzed for the presence of Ic:oglucosan by a method pre- 
viously described [1]; an analysis was made of the remaining cellulose. The nitro es ers were prepared by the 
standard method for the purpose of determining the degree of polymerization of the ritro cellulose (2). With 
samples that had been subjected to thermal ueatment for more than 40 minutes, repeated nitration was carried 
out to obtain the cellulose nitrates most completely soluble In acetone (the nitrogen content was ~ 13.6%), 


Exploratory stucles permitted us to select the temperature of 300°, which guarantecd a considerable yield 
of levoglucosan by the rather slow process, 


The method of conducting the thermal decomposition of cellulose at the one temperature (300°) — con- 
Unuously for a perlod of 300 minutes or In stages, not at the same ume — did not noticeably affect the yield of 
levoylucosan referred to the infual welght of the ccllulese; {t amounted, respectively, to 44 and 46%, The ex- 
perimental results obtained are presented graphically In Fig. 1, 


In the thermal decomposition of cellulose, a rapid decrease in the degree of polymerization takes place 
at the beginning, during which the course of the curves for the various cellulose preparations {s different (Fig. 1, 
curves 1,2 and 3), After 8-10 minutes some critical point fs reached at which all duree curves run together 
into one, and the degree of polymerization attalns a constant value, of the order of 200; with further decomnpo- 
sition only the quantity of cellulose decreases, while the molecular welght of the residue remains unchanged, 


As shown by curve 4, which depicts the relation of the degree of decompostuon of cellulose to the dime of 
heating, at the critical point the degree of decomposition reaches 4-8%. Moreover, the degree of decomposition 
is peepentane to the ume of heating for all the samples Investigated, 


© Determination of DP carried out by LL Nikolaeva, 
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The retadonship of the yield of tevoglucesan to the Ume of heating (curves 5 and 6) shows that after the 
critical dme Is reached, when the degree of polymerization attains a magnitude of the order cf 200, the yield 
of levoglucesan increases tapidly and then rcaches a constant value, 


érization of tgsidue 
‘$ 


glucosan in % from the decomposition of 
% Cellulose (5,6) 


e of palym 


bra 


a 


3 30 8& min. 


Yield of levo 


cellulose ( 5,G) 


Fig. 1. Change In the degree of polymerization of cellulose (1-3). 
Percent of cellulose decomposed (4) and yleld of levoglucosan (5,6) 

~ during thermal decomposition of cellulose in relation to ume of 
heating: 1) DP 2800; 2 and 5) DP 1500; 3 and 6) DP 700; 4) average 
for three samples Investigated ( DP 2800, 1500 and 700). 


On the basis of the experimental data obtained it fs possible to present the following mechanism for the 
decemposiuon of cellulose, In the first period of the thermodJecomposition of cellulose (up to the critical point), 
rupture of the chain molecules occurs with the accumulation of fragments with a degree of polymerization of 
the order of 200. This Indicates that the process of thermodecomposition of cellulose proceeds at first In zones 
that are periodically distributed, Durirg this period the predominant process Is one of degradat<a (total yield 
of levoglucosan 5-207), leading te a profound change In the elementary member of the chain 22d to the forma- 
don of readily volatile products, This process ts analogous to the thermodecomposition reactica of cellulose 
hydrate fibers that has been invesugated previously (1) and proceeds In the less condensed zones, 


In the second period (after reaching the critical point), when tie degree of polymerizadioa has reached 
a magnitude of the order of 200 and dhe yield of levoglucosan has attained a constant value, the thermodecom- 
position procceds as a process of gradual chemical conversion of the glucose molecule fragnient members, with 
a breaking of the elementary member, which as a result of Internal lsomerization {s converted {nto the mono- 
meric compound, levoglucosan. The degree of polymerization of 200 Is maintained for stages cf decomposition 
of cellulose from 4 to 70-80%, ; 


After the critical point, when the maximum density of packing Is attained, which apparently corresponds 
to the maximum removal of the less ordered (less compact) portions, the cellulose molecule decomposes with- 
out change In the degree cf polymerization, As Fig. 1 shows (curves 1,2,3), the degree of poly-merization of 
200 remains without change for 80 minutes at 300° In vacuo, 


These facts permit the conclusion that the breaking away of a molecule of levoglucosan from the chaln 
molecule generates an active center which again gives rise to an internal fsomerization of the following member 


2 
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and the formauon of a molecule of levoglucosian, This process of chain decomposition of cellulose goes on 
unul all the fregment members break up. Thus the process, starting in any chain molecule, leads to its com- 
plete breakdown, The remaining molecules, at the same time, are not altered, 


The data obtained demenstrate the perlodicity of the structure of the macromolecule of cotton cellulose 
from parts with a different physical consuitudion,which also determines the chemical, thermal and physical be- 
havior not only of a macro-sample of cellulose, but also of its individual molecule, 
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PREPARATION OF ALDEHYDES BY THE REDUCTION OF NITRILES WITH 
DIISOBUTYLALUMINUM HYDRIDE 


L. I. Zakharkin and I. M. Khorlina 
(Presented by Academician A. N. Nesmeyanov, May 8, 1957) 


K. Ziegicr, K, Schnelder, and J, Schneider first found that dlethylaluminum hydride, (C3H;),AlH, and 
diisobutylaluminum hydride, (1-C,H,),A1H, can be employed for the reduction of the carbonyl group In alde- 
tydes and ketones to the corresponding alcohols [1]. These same authors showed that because of the availability 
and cheapness of dilsobutylaluminum hydride, it may find use in organic synthesis as a reducing agent cheaper 
than LIAIHy. In the present work we have shown that dilsobutylaluminum hyuride can be used successfully for 
the preparation of aldchydes by the reduction of niuiles. The reaction proceeds according to the following 
equation; 


RCN + (1-C4H),AlH —> ——> RCHO,. 


We have Invest gated the reduction of butyronitrile, capronitrile, benzonitrile, the nitufles of phenylacctic, 
antsic, a-naphthoic, pyromucic and terephthalic acids, and 1,1-dichioro-5-cyanopentene-1, The results ob- 
are presented in Table 1, The yiclds of aldchyucs in the majority of the cascs Invesugated, espectally In the 
reduction of the aromatic nitriles, were good and amounted to 89-90%of the theoretical, The reaction of di- 
{sobutylaluminum hydride with niuiles can be carried out in various solvents (ether, benzene, heptane, etc.) 

or without a solvent, and has a number of advantages over the use of LiAJHg, Depending upon the nature of 

the nitrile, the reduction reaction was carried out at a temperature of 0-40°, When the dilsobutylatuminum 
hydride was used {n almost equimolecular proportion to the nitriles, we did not observe reduction of the latter 

to the amines, It was necessary to carry out the decomposition of the addition product of the dilsobutylalumt- 
num hydride and the niuile very carefully, especially in preparing such easily altered aldehydes as, for example 
phenylacctaldechyde, We fsolated, in 93% of the theroretical yield, the addition product of dilsobutylalumi{num 
hydride and butyrontulle, C;H;CH== NAMC4H,-1),, which was distilled vacuo without decomposition and upon 
treaunent In the cold with 10% sulfuric acid gave butyraldchyde In 88% yield. The addition product of (1-CyHy)- 
AlH and capronitrile could not be distilled without decomposition In a 1-mm vacuum, The lower ylelds of 
phenylacctaldehyde and 1,1-dichlorohexen-1-al-6 are expiained by the fact that these aldchydes, in the pro- 
cess of decomposition of the addition product of (1-C4H,},AlH and the corresponding niulle, partlally condense, 
However, if the decomposition was carricd out in the presence of 2,4-dinitrophenylhydrazine, the yicld of the 
corresponding 2,4-dinitrophenylhydrazenes amounted to 80 and 72%, respectively. 


EXPERIMENTAL 


The reduction of the nitriles by diisobutylaluminum hydride was carried out in a current of dry, pure nitro- 
gen. To a soluuion of the niuile in the chosen solvent was added dropwise, while stirring, a solution of the hy- 
dride in such a manner that the temperature did not exceed that specified, After addition of all the hydride, 
the mixture was stirred for 0.5 hour longer at room temperature, The reaction products were then poured, while 
surring, into a mixture of 100-150 g of ice and 50-80 ml of 10% sulfuric acid or, in the case of easily altered 
aldchydes, 10% acedc acid. To bring about complete decomposition of the intermedlate aldimincs, the mix- 

. ture was brought to room tempcrature and further heated at 30° for 0.5 hour, The organic layer was separated 


. 


TABLE 1 


|Molar ratio ° 

of reagents M.p.ofderivatives, °C 

Nitrile s 

2 [880129 found (fron 

Hy) 3 alcohol) Mterature 
4:48.17 [Ether 85 122 (a) 122 (2) 

Cyt, CN 1:24.42 » |18—20| 87 104 (a) 104 (7) 
p-CH,OC,H,CN Benzene 83 254 fa) 254 
a-C,,t1,CN » 87 98 98 (°) 
(CN); 122.10 3% | 9 200 (4)* 198 (*) 
CCI, = CH (CH); CN 1:1.07  lEther 7 
LE 
CN 121.05 » |15—20} 202—213 
C.H,CH,CN 134.10 » SO 110 (a) (*) 


Foomotes; a) 2,4-diniuophenylhydrazone; 6) phenylhydrazone c) oxime; 
d) dioxime; ¢) 1,1-dichlarohexen-1-al-6, b.p. 82°/4 mm, ny 1.4808, a? 
1.2100; Found % C 43.27, 43.11; H 4.44. 4.55; Cl 43.04, 42.90; Calcu- 
lated $e C 43,22; H 4.24; Cl 42.74; f) analysis of 2,4-dinitrophenylhydra- 
zone — Found % C 41,78, 41.71; H 3.43, 3.08; Cl 21.10, 20.15; Calcu- 
lated % C 41.51; H 3.48; Cl 20.04, / 


and the aqueous layer was extracted; the extracts were combined, washed with a sodium bicarbonate solution, 
and dried, The residue after removal of the solvent was distilled, 


Reactloa of dilsobutylaluminum hydride and butyroniuile, To a solution of 9.6 g (0,12 tnole) of butyro- 
nicile in 25 ml of absolute ether was added a solution of 20.5 g (0.14 mole) of difsobutylaluminum hydride in 
25 ml of ether, Reaction temperature was 15-20°, After addition of the hydride was completed, the mixture 
was stirred for 0.5 hour, After removal cf the solvent, the light yellow residue was distilled In vacuo and 27 g 
(93%) was obtained of a substance with b.p. 160.5-16171 mm, ny 1.4605; a’? 0.8550, 


Found | Al 12.58, 12.49, Cy,H»sNAl. Calculated % Al 12.73, 


A solution of 15 g (0.07 mole) of the addition product in 30 ml of absolute ether was poured, while stir- 
ring, into a mixture of 100 g of Ice and 50 ml of 10% sulfuric actd; temperature of decomposition—5,—2", 
_ After decomposition of the aluminum hydroxide, the mixture was brought to room temperature, then heated at 
30 for 30-40 minutes, The ether layer was scparated and the aqucous layer was extracted with ether, The 
combined extracts were washed with sodium bicarbonate soludion, then with water, and dricd with **gSO,, After 
removal of the solvent, the residue was disulled and 4,5 g of butyraldchyde was obtained, 


Reduction of the dinttrile of terephthalic acid, To a solution of 1.7 g (0.0130 mole) of the dinitrile of 
terephthalic acid in 100 ml of absolute benzene was added dropwise asolution of 3.8 g (0.027 molc) of dilso- 
butylaluminum hydride tn 15 ml of benzene In such a manner that the reaction temperature was maintained 
within the mits 30-35°, After the addition of all of the dilsobutylaluminum hydride, the slightly turbid reaction 
mixture was heated at the same temperature for another 0,5 hour; it was then decomposed at 0-2° with 10% 
acetic acid and worked up as described above. After removal of the solvent at reduced pressure, 1.6 g of solid 
terephthalaldchyde, m.p, 116° ( from alcohol) was obtained, 


© From aqueous alcohol. 
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COMPARATIVE STUDY OF THE AFFINITY OF DIRECT AZO DYES-—DIPHENYL 
AND PARA-TERPHENYL DERIVATIVES-FOR CELLULOSE COTTON FIBER 


B. M. Krasovitsky, ®?. V. Moryganov, N. I. Titarenko and B. N. Melnikov 
(Presented by Academician B, A. Kazansky, May 15, 1957) 


The problem of the relation between the structure of azo dyes and thelr affinity for the cellulose fiber, 
long ago attracted the attention of many Investigators, who have published works on this question devoted for 


the most part to the study of the dyes of the benzidine series, which contain the diphenyl nucleus {n thelr mole- 
cules, 


A. €, Poral-Koshits [1] noted the postuve influence that the unsaturation of dye molecules exerts on thelr 
affinity for plant fibers.’ According to the conjugation theory of Schirm (2), which is applicable to the majority 
of direct dyes, for a dye to manifest substantive properties it ls necessary that there be present in Its molecules 


a long chain of conjugated double bonds; the molecules then become unsaturated and are easily fixed on the 
cellulose fiber, 


It can be considered as established that the substantiveness of dyes Is In considerable degree connected 


_ with their spatial suructure; the molecules of direct dyes must be planar (3) or take on a planar formation upon 
reacdon with the cellulose fiber (4). 


Finally, an important condition for substantiveness is the possibility of formation of not less than two hy- 
drogen bonds between the molecules of the dye and the hydroxyl groups of cellulose {5}, In a number of studies 
it has been shown that in the molecules of direct dyes the distance between the groups capabie of forming hy- 
drogen bonds must be close to the perlod of identity for cellulose, which fs 10.3 A [6], This condition fs well 
sausfied in the structure of the benzidine dyes, At the same time, Robinson [7], using improved atomic models 
that make {t poss{ble to take into account the various strains {n the dye molecules, demonstrated that this dis- 
tance {s not substantially significant, since hydrogen bonds can be formed at any place in the cellulose chain. 


On the basis of a comparative study of bisazo dyes produced from para-phenylene diamine (1) and benzl- 
(LI) 


R-N=N-< R-N=N-K NeN—R 
(1) (I) 


it has been shown that the first of these dyes, which contain the shorter chains of conjugated double bonds, are 
the less substantive [8,9]. However, the invesugations of Bogoslovsky (10) and Fillppychev [9) disclosed that an 
increase in the chain of conjugated double bonds promotes an increase in substantdveness only up to a certain 
Umit, after which the substanuivencss does not rise and may even decrease somewhat, Thus, in a comparative 
investi gation of the substantiveness of dyes I, Il and the corresponding bisazo dyes LI 


R~-azo component, 
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prepared from 4,4"-diaminotetraphenyt, tt was found that the last of these compounds fs surpassed In substanti- 
ver.ess by the benzidine dye, In spite of the presence In the tetraphenyl derivative of a longer chala of conjuga- 
‘ted double bonds [11]. This serles of dyes Invesuigated by Bogoslovsky and Chaplina did not Include dye IV 


which contains three benzene rings between the azo groups and fs a derivative of p-terphenyl, Dyes derived 

from terphenyl were Invesdgated by Allen and Pingert (12), who reported substantive properties for them; a 
brief Indication of the supstanuveness of dyes derived from terpheny! {s also cuntained In the work of Hodgson 
13], but these Invesdgadons were only of a qualitative nature, At the same Ume, inwstlgadion of dyes de- 
rived from p-terphenyl offers the possibility of wacing the effect of successive accumulation of benzene rings 
and also of increasing the chain of conjugated double bonds on the affinity of the dyes for cellulose fiber, This 
also permits establishing fn the given case how essential are the relative positions of the groups capable of form- 
ing hydrogen bonds with the cellulose, and the distance between them, Consequently, having at our disposal 
a method [14] based on the determination of the afflatity of dyes under equilibrium dyeing conditions, which 
permits cbjective evaluadion of the affinity of dyes for cellulose fiber, we considered {t of Interest to compare 
the affinity of several benzidine dyes and the corresponding dycs derived from p-terphenyl, Furthermore, ft 
seemed useful td us {n the course of this investigation to trace the effect of the character of the azo component 
on the degree of affinity of the above-mentioned dyes, In addition, we had In mind the fact that up to that 
ume invesugators had studied panctpally the effect of the structure of the diazo component on the substantive- 
ness of dyes, and considerablyless attention had been given to the azo component, Among the studies devoted 

— to the Investigation of the relation between the structure of the azo component and substantveness, we may 

note, for example, the work of Levi [15], who carrled out a comparative study of dyes from M-acld and the 


fsomeric y -acid; the effect of several azo components on substantivencss was also studied by Rugglf and Lcupia 
(16), Filippychev [9], and other investigators, We compared the properties of dyes from benzidine containing 7 
eight different azo components and dyes derived from p-terphenyl with three azo components, In Table 1, data a 
are preseated on the affinity, heat of dycing, and change in entropy for all of these dyes, as well as data on the - 
properties of several benzidine dyes (azo components H-, y - and naphthlonic acids) based on investigations 
carried out by Moryganov and Melnikov [17]. 
The 4,4°-diaminoterphenyl necessary for the synthesis of the dyes was prepared by a known method (18}. he 
The diazouzation of this amine was carricd out with sodium nitrite in a hydrochloric acid medium, The azo pe 
coupling in the preparation of all these dyes except congo red was caried out in an alkaline medium, The dyes e: 
were subsected to purification from possible contamination by a monoazo dye by chromatographing on aluminum a 


oxide and were freed from mincral contaminants by the acetate method [19]. Analysts of the dyes was carried 
out by a previously published method [20]. For the determination of the affinity of the dyes for cellulose fiber, 
the heat of dyeing, and the change In entropy, we used the method mentioned above (21). 


The data given in Table 1 show that in all cases the introduction of an additional benzene ring Into the 
dye molecule increases {ts affinity for cellulose cotton fiber, and that for the dycs with the azo components, 
Chicago SS- and € -acids the affinity is Increased somewhat more at a temperature of 80° than at 100°, The 
difference in the increase of affinity at the two temperatures apparently can be explained by the greater tendency 
of these dyes to aggregation upon lowering the temperature, Consequently, in the case under cons{deration, the 
degree of affinity of the dyes for cellulose will be determined not only by the manifestation of reactive forces 
between them, but also by large changes In entropy, connected with the transition cf the individual molecules 
of the dyes to the aggregate. In the dyeing process Itself this 1s shown by the sorption of a greater amount of 
dye by the fiber than fs assignable to the nature of the forces acting between the dye and the fiber, since the 
fiber can absorb not only individual fons of the dye, but also thelr aggregates, 


Thus, lengthening the chain of conjugated double bonds, which leads to an Increase in the hydrophobic 
surface and a suengthening of the polarization of the dye molecules, in dus case leads to an Increase in the 
affinity for the cellulose fiber, In spite of the fact that in the molccules of dyes derived from terphenyl the 


distance between the groups that form hydrogen bonds with cellulose does not conform with the period of identity 
of cellulose, 3 
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TABLE 1 


Dye Affinity -AZ, Caly mole] Heat of dyeing | Change tn entropy 

100°C 80°C Caly/mole -AS, Cat/mole deg 
Benzidine — 2 moles naphthlonic acid 5.76 5.90 8.7 8.0 
Benzidine — 2 moles y -acie 5.40 6.06 16.6 26.8 
Benzidine — 2 moles G-acld 2,18 239° 6.09 10.5 
Benzidine — 2 moles ¢ -acld 2.78 3.03 1,44 12.5 
Benzidine — 2 moles chromotropic acid 3.82 4.90 23.98 54.0 
Benzidine — 2 moles K-acld 4.18 4.47 9.59 14.6 
Benzidine — 2 moles H-acid 3.73 4.45 16.5 34.3 
Benzidine —- 2 moles Chicago SS-acid 3.8 4.58 18.35 39.0 
4,4°-dlaminoterphenyl — 2 moles ¢€ -acld 4,29 4.89 15.48 30.0 
4,4°-diaminoterphenyl — 2 moles H-acid 5.26 6.00 19.06 37.0 
4,4°-diam{noterphenyl — 2 moles Chicago SS4 5,39 6.31 ; 22.55 43.3 
acid 


When benzidine dyes with varlous azo components are compared with each other, attention {3 attracted 
to the low affinity of the dyes from G- and € -acids, The dye from 4,4"-dlaminoterphenyl with the € -acld azo 
component also has less affinity for cellulose fiber than the other dyes derived from terphenyl, This phenomenon 
apparently fs connected with the disadvantageous mutual arrangement in the dye molecules of the groups that 
form hydrogen bonds with the cellulose and the groups that determine the solubility of the dye; the negatively 
charged—SOj - groups of the dye anions hinder the formation of hydrogen bonds between the hydroxy groups 
located close to them and the nega vely charged cellulose (in dyes with the € -acld azo component), It fs also 
possible that a cause of the lowered affinity of the dyes from G- and ¢ -aclds {s the presence in the perl-positions 
of the naphthalene nuclel of such bulky substituents, like the sulfo groups, that there may result a steric hin- 
drance In the dye molecules and an associated diminution In affinity. 


A comparison of the lsomerle benzidine dyes having the azo components H-, Chicago SS- and K-acids 
shows that the different arrangement of the sulfo groups in the molecules of these dyes docs not greatly affect 
thelr affinity for the cellulose fiber; dyes of the terphenyl series with the azo components H- and Chicago SS- 
acids also differ ltude in thelr affinity, The benzidine dyes with the azo components H-acid and chromotropic 
acid also differ Little from each other; replacement of the amino group by the hydroxy group in this case has 
influence on the degree of affinity, 


Finally, {t should be noted that dyes from naphthlonic and y -aclds, which contain less sulfo groups than 
all the rest of the benzidine dyes, have the greatest affinity, Here, apparently, there Is Involved a difference 
in solubility of the dyes connected with the number of sulfo groups in thelr mclecules, It 1s possible that here 
also there is significance in the absence of any substituents at all in the 8-posttion of the naphthalene nuclel, 
even those of such small volume as the amino group which can affect in greater or lesser degree the spatial con- 
formation of the dyes, 


Interpretation of the data on the heats of dyeing and the changes {n entropy, given {n Table 1, seems dif- 
ficult to us at present, since the pi.ysicochemtcal factors that determine the quandties AH and—AS have not 
yet been adequately explained, Our point of view on the physical slgniflcance of these values has been pre-~ 
sented {n one of the above-mentioned studies (17]. 
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KINETICS OF THE ISOTOPE EXCHANGE OF SULFATE IONS IN AQUEOUS 
SOLUTIONS OF AMMINES AND AQUOAMMINES OF TRIVALENT COBALT 


Ya. A. Fialkov and V, D,. Panasyuk 
(Presented by Academician I, I, Chernyaev, April 26, 1957) 


The present as neea {s a continuation of cur work [1] on the Invesulgation of the kinetics of the 
lsotope exchange of soz" fons {n aqueous solutions of ammines and aquoammines of trivalent cobalt that con- 
tain SO2” in the internal coordination sphere, Recently much attention has been given to the kinetics of !so- 
tope exchange of anion Ugands in complex cobalt salts (2-5). 


In the present work we have Investigated the kinetics of the fsotope exchange of sot fons In aqueous 
solutions of the complex compounds [Co(NHy)4(H,O) and [Co(NH;}SO,} *SO,*H,O. We obtained 
preparations of this composition by recrystallization of the corresponding acid sulfates (HSO{ fon In the external 
field) from alcoholic solutions [6,7]. The amount of impurities did not exceed 1%, The SO, fons of the exter- 
_ nal and Internal fields were separated with the ald of benzidine hydrochloride, The error in separation did not 
exceed 41%, Sulfur-35 was employed in the investigation in the form of sodium sulfate, 


The aqueous solutions of sulfatoaquotetramminecobalt sulfate and sulfatopentamminecobalt sulfate differec 
from the systems previously Investigated by us only in the hydrogen fon concentrations, 


Meazurement of the pH of aqueous :0,1N solutions of the normal and acid sulfates gave the following re- 


sults: 
Complex salt 


pil 


2,2 
SSN,O 
5,2 


4,4 


The difference tn the H fon concentrations leads to a considerable change in the physicochemical pro- 


perties of the aqueous solutions of the complex salts and is sharply ——— in the mobility of the complex 


Kineucs of the Isotope exchange of 4 fons in aqueous soludions of 


spore relationship of the rate of fsotope exchange, These experiments were carried out with solu- 
tions 0.1N in Co* at 30, 40 and er + 0,01° (Fig. 1, curves 3,5,6). Within the temperature Interval investigated, 
the rate of {sotope exchange of SO%” fons between the external and the internal coordination spheres was well- 
characterized by a first order equation -kt = In(1-F), where F {s the fracticn exchanged, The temperature coef- 
ficient of the reaction was equal to 5, The change fn the rate constant for the Lsotope exchange with tempera- 


ture is described by the Arrhenius equation (Fig. 2, curve 1), The activation energy for the process was 32 & 1 
cal/mole, 


Comparison with results obtained in an investigation of the temperature relationship of the rate of Isotope 
© As in original — Publisher, 


; 
aN 


_ exchange of tons {n solutions of show that under {dendcal coadiuons 
of temperature and concentration the Lsotope exchange for SO’ tn aqueous solutions of the acid sulfate proceeds 
less rapidly (temperature coefficient of the reacdon equals 4). 


Concentration relationship of the rate of fsotope exchange (at 40°), A change In the concentration of 
804° (Fig. 3, curves from 0.05N to 0.2N¢ * did not produce a nodceable change 
in the mobillty of the complex bond Co” .»SO%”. There was even some tendency noticed toward a setarda- 
tion In the rate of exchange of the SO%” ions with an Increase In the concentration of the complex salt, Within 
the concentration range studied, the ‘ating reaction was of zero order with respect to the concentration of 


Fig. 2, Temperature relationsh!p of the reaction rate 
constant, 1) 0.1N solution of [Co(NH,),(H,O)SO,} SO,° 
2H,0; 2) 0.1N solution of [Co(NH,),SO,}50,°H,0. 


180 160 $60 min. 


In an investigation of the dependence of the rate 

Fig. 1. Temperature relationship of the rate of fso- Lsotope exchange on the concentration of in the 
tope exchange of soz” fons, 1,2 and 4) aqueous solution, 10 and 20 moles of sodium sulfate were added 
0.1N solution of (Co(NH;);SO,b 50,4 HO, 3,5, and to 1 mole of [Co(NH;),(H2O)SO,}S0,°2HO, It appear- 
6) aqueous 0.1N solution of [(Co(NH;),(HD)SO,h* ed that the cate of lsotope exchange for the soy fons 
S$O4°2H,O, 1) 50°, 2) 60°; 3) 30°; 4) 70°; 5) 40°; increased with an increase in the concentration of the 
6) 50°, sulfate groups in the solution (Fig. 4, curves 1-3), In 

solutions of the acid sulfate 

1.5H,O,* an Increase In the concentration of the com- 
plex salt accelerated the {sotope exchange of SOX", but an increase In the concentration of the sulfate groups 
in the solurion had practically no effect on the rate of the exchange reaction [1). 


The results of the investigation of the temperature and concentration relationships of the rate of {sotope 
exchange of in aqueous solutions of permit a number of {deas about the 
mechanism of the {sotope disuribution of the sulfate fons between the external and the Internal coordination 
spheres, In aqueous solutions that contain the complex fon [Co(NH,),(H,O)SO,J* there occurs a process of pro- 
tolydc dissociation of the water molecule of die Internal sphere 


A decrease {n the H* fon concentration displaces the equilibrium to the right, The hydroxyl group formed in 
the internal sphere appecenhy increases the mobility of the sulfate groups bound in the complex,* * * The fso- 
tope distribution of the SOF” fons between the external and the {ntemal coordination spheres {s a secondary pro- 
cess and its rate at a given temperature and H* fon concentration {s determined by the status of the acid-base 


Az original — Publisher, 
°° The Umited solubility of this complex salt did not permit inves gating more concentrated solutions, 
ee* Admilar effect of hydroxyl groups on the mobility of sulfate wore. of the internal sphere was observed by Flalkov 


and Nazarenko(8}in a study of the kinetics of Isotope exchange of SO}" fons in aqueous solutions of green chro- 
miu:n sulfate complexes, 
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equilibrium shown above.® 


Kinetics of the exchange of SOX” fons In aqueous solutions of [Co(NH,).SO,} 


The exchange ef SOF” at 50, 60 and 70° was well-characterlzed by a first-order equation (Fig. 1, curves 
1,2,4). The temperatcre coefficlent of the reaction was close to 3,5. The change {fn the rate constant for the 
lsotope exchange wita tomperature conformed with the Arrhentus equation (Fig, 2, curve 2), The activation 
energy for the process was 27% 1 cal/mole. 


The change {n the rate of tsotope exchange with temperature was approximately the same as In aqueous 
soludons of However, under the same temperature and concentration conditions, 
the soz exchange In solutions of the normal sulfate [Co{NH,);SO,S0,4°H,O proceeds more slowly, Apparenuy 
this fs explained by the different ratio of the SO%” concentrations In the external fletd and the complex cation, 


Fig. 3. Relation of the rate of Lsotope Fig. 4, Relation of the rate of Isotope exchange of SO%” fons to 
exchange of SO}” tors to the concen- thelr concenuration, 1-3) solutions of [Co(NH SO, 


tration of the complex salt, 1-3) solu- 2H,0 (at 40°); 4-6) solutions of [Co(NH;),SO,bS0,4°HO (at 60°); 
tions of 1 and 4) solution without addidon of NazSO,4 (0.1N); 2 and 5) addi- 


(at 40°); 4-6) solutions of (CO&{NH;)s- don of 10 moles of Na,SO,g 3 and 6) addition of 20 moles of NazSO,. 
SO4}S0,° (at 60°}; 1) 00.5N; 2) 
0.1N; 3) 0.2N; 4) IN; 5) 0.5N; 6) 0.1N. Concentration relationship of the rate of Isotope exchange 


(at 60°). An increase in the concentration of [Co{NH));SO,bS0,4° 

H,O accelerates the isotope exchange of SO%” (Fig. 3, curves 4-6). 
The process follows the same course when the concentration of SO%” fons In the solution fs Increased (by addition 
of 10 and 20 moles of Na;SO,4 to 1 mole of the complex salt) (Fig. 4, curves 4-6), in contrast to what was ob- 
served in an analogous experiment In an Lavestigation of the acid salt (CONH;}SOgHISO,- 2HO [1], 


These experimental data provide a basis for proposing that the reaction of aquotization of the complex 


fon: 


HO + Sof” 


“The results of an investigation of the effect of d* lon concenixation over a wider range will be presented In 
another communication, 
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with an ensuing assoclative process (1] plays an essendal role In the mechanism of the lsotope exchange of sot 
in aqueous solutions of the normal sulfate HO. 
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THE EFFECT OF PERCHLORATES ON THE POLYMERIZATION OF STYRENE 


B, Il. Losev and Yu. I. Zakharova 


(Presented by Academician A. V. Topchlev, April 29, 1957) 


Any impurity has a great effect on the polymerization of ethylene derivatives; one accelerates polymeri- 
zation, another, on the other hand, retards It, increasing the Induction perfod [1,2]. 


Our work requires a large amount of styrene contafning a minimum amount of molsture. We chose asa 
desiccant anhydrous magnesium perchlorate (*anhydrone"), proposed in 1922 by Willard and Smith [3) as a dry- 
ing agent. However, polystyrene has been discovered in sytene which has stood over anhydzous magnes!um 
perchlorate at 10°. The polymerization activity of magnesium perchlorate was discovered by Zilley and Foster 
(4), who also used It for drying styrene, 


We decided to confirm this fact and to investigate the effect of certain other perchlorates (barlum, potas- 
sium, an¢ ammonium) on the polymerization of styrene, 


EXPERIMENTAL 


The polymerization was first carrled out in sealed ampoules, The — was washed with alkall and dis- 
tilled water, thoroughly dried, and distilled under vacuum, 


The fractionated styrene was distilled under vacuum {nto the ampoules, fn which had previously been 
placed an equivalent amount of magneslum, barium, or potassium perchlorate, 


' Prior to use, the perchlorates were recrystallized from aqueous solutions, suction filtered on glass fllters, 
and the hydrated crystals were dehydrated under a vacuum of about 0.1 mm Hg. 


The sealed ampoutes were placed In a thermo- 
F statted bath which had been heated to 80°; after each 


vA a hour from the beginning of the experiment, an ampoule 
40} was taken from the bath, opened, and the contents anal- 
“a yzed for polystyrene content by refracdve Index, We 
ee 3 used a method [5] based on an empirical calfpratton 
© 2h curve (see Figure 1) for the determination of the poly- 
pang styrene content of the styrene by refractive index, 
° 
Pe | The contents of the ampoule were dissolved in 
& benzene, and methyl alcohol was added to the benzene 


5460 15510 (5560 (5610 15560 15710 solution with vigorous stirring. The precipitated white 
.~— floc of polystyrene wes washed several dmes with methyl 
alcohol and dried under vacuum to constant welght, The 
Fig. 1, Calibration curve for solutions of polystyrene average molecular weight of the polystyrene was deter 
in styrene; I) experimental data; Il) calculated data, mined viscomeutcally by measuring the viscosity of a 
benzene solution, 


The very first experiments showed that the perchlorates shortened the induction perlod and accelerated 
polymerization of styrene, 
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However, polymerization in ampoules with different amounts of perchlorates did not show any reladon- 
ship hetweea polymerization rate and the amount of perchlorates tn the polymertzation mixture, 


We assumed that the production of the Initial centers occurred on the surface of the perchlorates, t.e., 
heterogeneously, 


On the basis of this assumption, it becomes understandable why the different amouns of perchlorates ex- 
nibtted equal polymerization activity; perchlorates are almost {nsoluble In styrene, and, regardless of the a- 
mount , they lay cn the bottom of the ampoule as a dease layer having approximately equal surfaces In con- 
tact with the styrene, 


as 


3 
Yield of polymer 


& § & 2 8x 


Yield of polymes 


2.6 6 6 ghous 1234567 9 hours 


Fig. 2, Kinetics of the polymerization of styrene Fig. 3, Temperature dependence of the rate of poly- 
in the presence of magnesium perchlorate at 80°: merization of styrene In the presence of magnesium 
I) pure styrene, I) 0.25°107, Ill) 0.57107, IV) perchlorate (a); b) polymerization of pure styrene: 11) 
1.0°107*, 10°, 1) 80°, 111) 90°. 


Tnerefore, we used the method described by Shostakovsky, Shishkov and Neterman (6). 


The polymerization was carried out {n a stream of fnert gas in a reaction vessel fitted with a stirrer, re- 
flux concenser, thermometer, and a sample collection tap. : 


The kinetic curves were. obtained as follows, 


After a specific lapse of ume from the beginning of heating of the mixture of styrene + perchlorate, a 
sample (0,2 ml) was taken from the reaction vessel, charged to a cenulfuge tube, and freed from perchlorate 
by centrifugation, 


The refractive index, nf}, of the residual solution was then determined, and the polymer yield was read 
from the calibration curve, 


The polymer was precip{tated from solution with methyl alcohol; the viscosity was determined in ben- 
zene soludon, 


The experimental data showed that the perchlorates not only reduced the induction period, but also in- 
creased the polymerization rate, Polymerization with suring showed that the polymerization rate Increased 
with an increase in the amount of perchlorates in the polymerization mixture (Figwes 2 and 3), 


In the initial stage of styrene polymerizadion fn the presence of potassium, barlum, and ammonium perchlo- 
rates, the rate was directly proportional to monomer concentration and to catalyst concentration, _ 


The overall polymerization rate In the present case Is described by the equation; 


Wy = K (M}[C}+ 


| 
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where K {s the rate constant dependent on the catalyst; g fs the rate constant for dicrmal polymerization; [MJ 
is the concentration of stytene in molcs/Uter; [C} is the concentration of perchlorate In moles/lter; or 


aM 


For potassium perchlorate at 80° the vlaue of K was 11.5-107 liter/mole- minute, for ammontum per- 
chlorate it svas 9.86°107, for barium perchlorate it was 5,2- 1074, and for magnesium perchlorate It was 
3.56 °107? Liter/mole- minute. 


In the presence of magacsium perqhlorate, the polymerization of styrene proceeded at a rate greatly 
excecding the polymerization rate In the presence of the other perchlorates, The dependence of polymeriza- 
tion rate on concentration of magensium perchlorate was different than when other perchlorates were used, 


The thermal coefficient was 1.6 when potassium and ammonium perchlorates were used, with barium 
perchlorate it was 2,56, and with magnesium perchlorate it was 1.15. The activation energy for the polymeriza- 
tion of styrene In the presence of perchlorates was determined graphically (Fig. 4); It was less than the activa- 
tion energy for the thermal polymerization of styrene in the absence of perchlorates; for KC1Og, 11,730 cal / 
mole; for NHZC1O, 14,300 cal /mole; for Ba(ClOg, 14, 870 cal /mole, 


The molecular weight of the polymer obtained 


% decreased with an increase fn the amount of perchlo- 
wl di rates In the polymerization mixture, The polymeriza- 
Dy tion of styrene in the presence of perchlorates takes 
& & place by a chain mechanism. 
s 6 Analysis of the polymer shows that ft consists 
73 wholly of carbon and hydrogen, and corresponds to the 
formula (CgH,), (the elemental composition of the 
“re polymer was determined, and the absorption spectra of 
polystyrene films were determined in the infrared regton). 


hours 


F Decomposition of potassium, barlum, and mag- 
nesium perchlorates in styrene did not occur {n the tem- 
perature region studied (20-90°). 


Fig. 4. Kinetics of the polymerization of styzene in 
the presence of potassium perchlorate at 80°; 1) 


polymerization of pure styrene; I) concentration A study of the effect of potassium, barfum, and 
of perchlorate 0.5-107? mole per mole of styrene; magnesium chlorides on the polymerization of styrene 
II) 1-107? mole per mole of styrene; IV) 2-107? showed that they Increase the Induction perlod and are 
mole per mole of styrene, inhibitors, | 


It follows from all of this that In the case where 
potassium and barlum perchlorates are used, so-called hetcrogencous-homogencous catalysis obviously takes 
place; f.e., the emergence of active centers takes place on the surface of the perchlorate with the formation 
of a complex, and growth of the macromolecule procceds In the mass of monomer, f.e., homogeneously, 


Magnesium perchlorate {s a stronger catalyst than the remaining perchlorates used by us, Here, apparently, 
in addidon to heterogencous catalysis, fonic polymerization also takes place; styrene polymerization proceeds, 
although slowly and at comparatlvely low temperatures; the temperature coefficient of the reaction Is small 
(1,15); the molecular weight of polymers obtained in the presence of magnesium perchlorate Is small and al- 
most independent of the amount of perchlorate, The lack of dependence of the molecular weight of the polymer 
on the amount of magnesium perchlorate indicates the absence in Uuls process of a recombinatien mechanism 
of chain breaking, which {s characterlsuc of radical polymerization, 


The effect of magnesium perchlcrate on styrene polymerization which fs different from the effect of the 
remaining perchlorates, could be due to its extreme hygroscopicity. We were unable to assure the absolute 
absence of uaces of moisture in the anhydrone, 


S. S, Medvedov [7} and also Evans and Polany [8] consider that traces of molsture are sufficient to initiate 
fonic polymerization, Morcover, it is wellknown that the presence of waces of perchloric acid Is possible in 
perchlorates, and {t fs very difficult to free the perchlorates from these aces, 
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TABLE 1 


Molecular Welcht of Polystytencs Obtained In the Presence of Perchlorates at 80° 
Experiment} Perchlorate Amo:nt of perch- |Polymer mole- | Degree of polymeri- 
No, ; lorate, mole per [cular welght zation (n) 
mole of styrene 
184000 1770 
Potassium perchlorate 0.5°107? 168250 1618 
1.0°107? 158260 1522 
2.0°107? 143210 1377 
Ammontum perchlorate 0.5°107 129510 1245 
1.0°1078 106540 1024 
2,0°10°? 107680 1035 
Bartum perchlorate _ 0.5°107? 125920 1211 
1,0°107? 117450 1129 
2.0°107% 109030 1048 
Magneslum perchlorate 0.125 °107* 9620 92 
0.25°10? 10050 96 
0.5°107? 10890 104 
1,0°107? 3060 30 


moe enw 


eon 


‘In this case and in others, the polymertzation {nltiator can be a hydrogen fon, H*, and polymerization 
. can proceed by the so-called carbonium lon mechanism, 


The mechanism proposed by the authors Is not considered elther as strictly demonstrated o¢ as unequivo- 
cal, 


SUMMARY 


1, The effect of potassium, ammontum, barlum, and magneslum perchlorates on the polymerization of 
styrene was investigated at 20, 40, 70, 80 and 90°, It was observed that the above-mentioned perchlorates are 
catalysts for the polymerization of styrene. 


2, In an Investigation of the kinetics of the polymerization of styrene in the presence of potassium, am- 
monium, and barlum perchlorates, it was established that the rate of the process fs satisfactorily described by 
the equation: 


dM 
D0. 


3. In the case of the use of potassium and barium perchlorates, so-called heterogeneous-homogenous 
catalysis apparently occurred, 


4, When magnesium perchlorate was used, the polymerization rate was proportional to the conceatration 
of magnestum perchlorate at contents greater than 0,125 mole/mole of styrene, 
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INVESTIGATION OF THE n-PARAFFINIC HYDROCARBON SYSTEMS 
AND 


N. A. Nechitallo, L. M. Rozenberg, E. M. Terentyeva and A. V. Topchiev 


In the past ten years, the naturally occurring petroleum paraffins have been subjected to manifold study 
by chemical and physicochemical methods, The applicauon of the classical methods of organic chemistry in 
combination with x-ray, differential thermal, mass spectroscopic, and other methods has made It possible to 
show that the paraffinic hydrocarbons of petroleum are heterogencous in their chemical nature, The major 
part of them are long-chain normal hydrocarbons, CyzHyg and higher, while branched hydrocarbons, cycloparaf- 
fins, and alkylbenzenes are present in smaller amounts (1-4). 


The industrial usc of petroleum paraffins for organic synthesis fs hampered, to a considerable extent, by 
the lack of.ideal methods for the separation of hydrocarbons of the above-mentioned types. In addition, the 
solutions to a number of problems connected both with the development of methods for the separation of solid 
petroleum paraffins and with the identificadion and establishment of the degree of purity of the Isolated and 
synthesized hydrocarbons require a profound study of the properties of individual n-paraffins as well as a study 
of thelr interactions among themselves and with hyJrocarbons of the other classes, 


A number of systems of long-chain n-paraffins have been studied by Piper and coworkers (5), Mazee 
(6), Seycr [7,8], Smith [9], Yuganova [ 10) and others. 


A theoretical generalization of the avatlable experimental material on binary kal. of n-paraffinic 
hydrocarbons was made by V. M, Kravchenko (11). 


However, the binary systems of long-chain a-paraffins which have been Investigated up to the present 
do not encompass the entire range of components present In petroleum paraffins, The reason for this apparently 
lics In the major difficulties encountered by Investigators {n obtaining Individual Jarg-chain paraffins of a 
high degree of purity. 


The impossibility of completely removing the Impurfucs from n-paraffinic hydrocarbons and the presence 
of various phase transitions in the solid state (5,12-16] exuemely complicates the interpretation of data ob- 
tained by the classical methods of physicochemical analysis. There are practically no data on the Interaction 
of n-paraffins with hyJrocarboas of other classes, 


In the present article are reported the results of an investigation of the equilibrium diagrams of two bi- 
nary systems ofn-paraffins, Cy gta and by differential thermal and microstructural 
methods, We have not found any data In the Mterature on these systems, 


The eicosane and ulacontane were prepared by Kolbe electrosyathesis (17,18). Dotriacontane was syn- 
thesized by the method of Wurtz, These hydrocarbons were purificd by repeated recrystallization from a series 
of solvents, The final products were recrystallized from ethyl alcohol. 


n-Eicosane, Found % C 84,76, 84,80; H 15.24, 15.20. CoH. Calculated % C 85,00; H 15.00, 
n-Triacontane. Found %: C 85.34, 85.38; H 14,75, 14.67. CygHgg. Calculated % C 85,20; H 14.80. 
n-Doulacontane, Found % C 85,28, 85.24; H 14.70, 14.80, Cy3Heg. Calculated % C 85.26; H 14.77. 


The degree of purity of the hydrocarbons, which was kindly determined by N, I, Lyashkevich in a precision 


| 
| 
| 
897 


thermographic apparatus, was 2s follows; elcosane, 99.14 mole %& uiacontane, 98,88 mole %, doulacontane, 
99.73 mole %. 


The heating and cooling curves were recorded by means of s Kurnakov photorecording pyrometer, A 
differendal platinum -gold-palladium thermocouple with 0.2-mm wires was used, An 0,05-g sample was used 
in obtaining the thermograms. An apparatus consisting of a microscope, a hot and cold stage, and a thermo- 
couple [19] was used in Investigating the microstructures, 


The melting point and the temperature cf the polymorphic twansttion of the hydrocarbons were determin- 
ed from the heating curves, 


Transition temperature, °C M, p., °C 
Elcosane none 37.5 
Triacontane 59.0 66.2 
Dotrlacontane 64.0. 69.5 


The very close agreement of the above melting points and, particularly, polymorphic transition tempera- 
tures with the literature values (5, 12-16] also Indicates the satisfactorily high degree of purity of the hydro- 
carbons. 


TABLE 1 


Results of the Thermal Analysis of the System Cz)3H@-CygHe3 ee 


Temperature, °C Temnerature, “C 
2 « 182 | Ss - 13323 
a ON = Sa%G ES 10N Jos 
2 io (3s 2 fags 
4 | 200] -. | — | 38.0/ 29.08 — | 35.5 | 29.0 
2 | 4.700] — | — | 35.5/ 29.58 42 — | 35.5] 29.0 
3 1 — | — [2.01 9.01 13 [580015751 — | 355] 29.0 
4 6.40| — | — | 26.0] 29.0] 14 [6f.10] 59.0] 1355] 29.0 
| 7.00] -- | — | 36.0] 30.0] 45 [70.00 | 61.0] 59.0 34 5] 29.0 
| — 136.51 29.0) 16 62.0 | 59.0 34.5 | 29.5 
7 | 1990/1 37.0] — | 35.5] 17 190.001 650] 59.5] 35.0] — 
8 440} - 1355129.0] 18 [95.00] 64.2] 58.5] | 
9 | 46.0] — [35.5] 300] 19 — | — 
10 31.90] 50.2] — | 35.51 29.0 


This is a eutectic system. On the heaung and cooling curves for all mixtures containing from 61.0 to 
* 100% triacontane was quite clearly developed an effect corresponding to the polymorphic wansition of this hy- 
drocarbon, As would be expected, the magnitude of the effect increascd with an increase in the percentage 
content of ufiacontane in the mixture, On the equilibrium diagram, the line ab corresponds to the polymorphic 
transition, 


The eutectic of the system had the composition 93.0 wt. % cicosanc and 7,0 wt. % ulacontane and a ; 
temperature of 35.5°C. For mixtures containing 95.0 and 98.0% uiacontane, the effect corresponding to the 
crystallization of the eutectic was absent from the uiermograms, but [ts separation was observed on Inspection 
of the microscope preparations under polarized light. The Uquidus line, which is characteristic of the separa ; 
don of the first crystals of elcosane, fs presented as a dotted line, since on the differential curves the effect r 
corresponding to the crystallization of excess Cygtig merged with the effect of the crystallization of the eutectic 
owing to the closeness of the temperatures of these two processes, It should be noted that a phase transition, 
the heat effect of which regularly Increased with an Increase in the percentage content of elcosane in the 


mixtures, was observed on the cooling curves for the mixtures of this system at a temperature of 29-30", f.e., 
below the temperature of the crystallization of the eutectic (Figure 1, Ine cd), However, this effect was com- 
pletely absent from the heating curves. On the basis of an Investigation of the microstructure of the prepara- 
tions on the hot-cold stage In polarized light, ft might be presumed that this phase transition at 29-30° belongs 
to the category of the Irreversible transformations observed with impure n-paraffinic hydrocarbons and thelr 
derivatives containing medium length stralght chains (less than 22 carbon atoms) (15,20), However, In con- 
trast to published data, this phase transition, although {rreversible, apparently docs not belong to the slow tansi- 
dons occurring during storage of preparations, since the heating curves were recorded immediately after re- 
corded immediately after recording a cooling curve, and the corresponding effect was nonetheless absent from 
the heating curves, Allthe same, it ls impossible to come to a final conclusfon as to the nature of the phase 
wansition at 29-30" on the basis of thermal and microstructural analyses. Apparently, an x-ray study and also 

a complex, detailed Investigation of the polymorphism of C3)H@, both of maximum purlty and containing Im- 
purities, are required, Reversible polymorphic transformations were not observed for pure elcosane, which cor- 
responds to the assumption of Hoffman (15) of the existence of rotational transidons in individual Ls caches 
containing 22 and more carbon atoms in the chain. 


ej Liquid L | 70 Liquid L 


“a-Solid solution 


Fig. 1. Equillbrium diagram for the system n- Fig. 2, Equilibrium diagram for the system n-CypHyy- 


a-b) reversible polymorphic eg. 

transition of n-CygH2; c-d) presumed irreversi- 

ble wansition of n-Cy,lg (observed only on In Table 2 are presented the data from the thermal 
cooling). : study of the system n-Cyleg-n-Cygtyg, and In Figure 2 


is presented Its cquilibrlum diagram, 
TABLE 2 
Results of the Thermal Analysis of the System Cys}o3-CysHes 


Temperature °C Temperattre, °C 


3 43 Ics [Bo 
las 5 = (68 [<8 


98.00 | 69 5 | 68.8 | 63.6 | 63.0 8 42.85 | 67.6 | 66.0 
95.00 | 69.0 | 68.2 | 63.3 | 62.6 9 29.04 | 67.0 | 65.6 
85.00 | 68.6 | 67.6 | 62.9 | 61.9 10 20.00 | 66,6 | 65.5 

‘ .6 | 62.5 | 60.5 if 15.00 | 66.7 | 65.6 
65.00 | 67.9 | 66.0 | 61.5 | 59. 
62.43 | 67.9 | 66.0 | 61.6 | 59 
47.43 | €7.2 | 66.0 | G0.9 | 58 


5 12 |- 8.40 | G6 8] 65.6 
“ 13 4.90 | 66.4 | 65.6 
7 14 2.00 | 66.1 | 65.7 


i 

2 : 

3 

4 74.33 | 68.5 | 67.6 
5 

6 

7 
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The a-medifications of trlacontane and doufacontane separating from the melt form acontinuous tectes 
_of solid solutions, With a decrease in temperature, the a-solid soludon converts to the g -solid solution, which 
ts formed from polymorphic modificauoas of the hydrocarbons stable below the transition polnt. 
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KINETICS OF ELECTROPHILIC SUBSTITUTION AT A SATURATED CARBON ATOM 


O. A. Reutov, [. P. Beletskaya and R. E, Mardaleishvill 


(Presented by Academician A, N. Nesmcyanov, March 15, 1957) 


A.N, Nesmeyanov, S, S, Poddubnaya and one of us [1], using the diasteroisomeric 1-methyl esters of 
a-bromomercuriphenylacetic acid, established that symmetrization of organomercury salts by ammonia 


(Ri =CoHy, Rs = COOC, Hi»), 


{is an electrophilic substitution at a saturated carbon atom proceeding with retention of the stereochemical con- 
figuration, Similar results were subsequently obtained by Cram [2]* and also by Winsteln and coworkers during 
a study of other reactions of electrophilic substitution at a saturated carbon atom, 


Hughes and Ingold, on the basis of the analogy with S,j1—S)2 mechanisms of nucleophilic substitutions 
(4), proposed that in the case of elecurophilic substitution the retention of configuration occurs by an Sg1 mech- 
anism, and inverston occurs by an S;2 mechanism, 


A priori, it seemed to us improbable that the symmeutzation of a-bromomercurlphenylacstic esters pro- 
ceeds through a stage in which an anion {fs formed (see Formula [) as a kinetically independent particle (S_l 
mechanism), since in that case, not retention of the configuration at the carbon atom, but racemization would 
be expected owing to conjugation of the free electron pair with the » -electrons of the carbonyl group. In this 
connection, we undertook a study of this reaction. 


The Investigation of the kinetics of the symmetrization reaction was carried out 
using the ethyl and l-methyl esters of a-bromomercutlphenylacetic acid; In the case of 
Ge 1 the l-methyl ester, the kinetics of the reaction were studied using a mixture of the dia- 
GH, Bh af 3 sterolsomers and one of the diasteroisomers with a m.p, of 156° (from alcohol) (aj! =- 
90°; C = 0.58972; 1=1,9;a=—-1°, 


For the study of the order of the reaction with respect to the original R,R,RsC—HgXx, 
we used a method based on the principles of nephelomeuy. A photocleiment registered 

the change in the amount of transmitted ght during the course of the reaction, which changed owing to the 

precipitation of (NH;)XHgBrz according to the equation: 


(R, =s C,H;; R; Hi; Rs = COOC,H, COOC 


The experiments were all carried out with the same Intensity of the light source, 


The reaction was carried out in absolute chloroform at room temperature using dry ammonta, It was con- 
ducted at high dilutions, which prevented aggregation of the precipitate, In addition, it was shown that the 
precipitate did not contain original or final products, By weighing the precipitate at the Instant of termination 
of the reaction for the cases where the concentration of the material was 6.8°107* and 3,4°10° mole/ml and 


* In the series of reactions studicd by Cram, he also established tnverston of configuration. 


; 

x 


the concentration of the animonta was 1°107 mole /ml, it was established diat the amount was stolchfometrte 


and, consequently, that the reaction had proceeded to compleuon. The reaction did not go to completion at 
lower concentrations of ammonia, 


For both mercury-contalnlng esters (ethyl and 
methyl) the reaction was second order with respect to 
this substance; this was determined both from the Inl- 
dal concentrations C and that of the product and from 
the course of the kinetic curve, Symmetization of the 
methyl ester proceeded at a lower rate than did that of 
the ethyl ester, 


The reaction was carried out at varfous concen- 
uations of the ethyl ester of bromomercuriphenylacetc 
acid C,°10* mole/ml: 6.8, 6.12, 5.44, 4.76, 4.08, 3.40, 
2.72, 1.70, 1.36, and 0.85, and the ammonta concen- 
tration was 1°10 mole/ml, In Figure 1 are presented 
curves of [ = f (t), where I {s the amount of light wans- 
mitted through the system, The reaction proceeded to 

completion under these conditions, therefore, it was 
ao! possible to graduate the curves of = f(t) with respect 
0 to the concentrations, considering at equal amounts 
of transmitted IMght the amounts of precipltate were also 
equal, This permitted us to calculate the reaction rate 


Fig 1 constant, which was a constant for a second order reac- 
tion, ‘a -1) C ts the concentration 
In Table 1 are presented the initial concen- ¥ 


of the substance at the dme t; Kz = as will 
be shown below. 


tations of the material, the corresponding half- 
life periods, and the valucs of the reaction rate 


TABLE 1 

The second part of the work was the estab- Cy°10°, mole/ml] 6,80] 5.44] 3.40] 2.72] 1.70 
Uskment of the order of the reaction with respect see 136 {400 {400 
to the second component — ammontla, A 

The method of determining the order of the mifmole/iec 


reaction by means of the change In the tnidial con- — 
cenuation of one of the components was unsultable 
for the determination of the order of the reaction with respect to ammonia, since It was possible to vary the 
concentration of ammonia only by decreasing it owing to the poor solubility of the other material in chloro- 

~ form, At lower concentrations of ammonta, the reaction did not go to completion, Moreover, the concentra- 
don of the precipitate under these conditio's (with a concentration of ammonia less than the concentration of 
the other substance} was less than that which coztesponded to the threshhold of coagulation, 


In estabUst.ing the order with respect to ammonia, 
we first determined the stoichlometric amount of am- 
3 A monia consumed In the reaction by means of the de- 
crease in pressure during the reaction, It was shown 
t oak that one mole of ammonia {s consumed for each mole 
a of substance, Second, the change in the rate of con- 

wt sumption of ammonia during the reaction was measured 
at different initial ammonia concentrations and ata 
ae Se fixed initial concentration of substance; the following 

method was used for thls purpose; the was fed 

into the evacuated reaction vessel under a specific pres- 
Fig. 2 sure, and the substance was added tn chloroform, The 
reaction was stopped by the addition of an excess of 
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~ HCl®, and the mixture was then filtered, The reac- 
3.28 [2.16 11601107 required several days for completion, Inidai a- 
mole [10.75 | 7.62 | 4.49 | 2.56 | 1.14 C,(3.28; 2.76; 2.12; 1.60; 1.07)-107 mole. If the 
change {n ammonia concentration for the first 0,5 hour 
i oe | ae is taken as the Initial reaction rate (which can be done 
— fs the amount of initial substance, in moles, with sufficient accuracy, since the reacticn Is complet- 
reacted at 0.5 hour, ed only after scveral days),then one fs easily persuaded 
‘that the Inidial «ate of ammonta consumption fs dir- 
ectly propordionzi to the square of its Infdal concentra- 
uon (Table 2, Figure 2), 


Thus, the reaction studied dy us of the symmetrization of organomercury salts under the Influence of 
ammonia fs second order with respect to the substance and second order with respect to ammonla. 


Ves 


When the experiment were carried out at various ammonia concentrations less than 1.0°107 mole/ml, 
but always exceeding the concentration of organomercury substance, the reaction not only proceeded at dif- 
ferent rates but also with different depths of conversion, In Figure 3 are presented curves of I = f (t) for a con- 
centration of substance of 6.8+107° mole/ml and ammonia concentrations C,: of (6.35, 5.02, 3,27, 1.75)° 10 Pe 
mole/ml, The reaction was complete at ‘different amounts of substance consumed, 


These cata permit the assumpuon that the symmeuization reaction reversible,® 


A study of the effect of the addition of the symmetrical product (R,R22,C),Hg, obtained during the course 
of the reactica confirmed the vid ite of the reaction, The reaction was ge out with an initial concen- 
tration of substance of 6.8 x 1075 mole/ml, a concentration of ammonia of 1x 107? mole/ml, and concentra- 
tions of the added material C(0.48, 0.96, 1.92) x 10°Smole/ml. It was found that the addition of the final pro- 
duct retarded the reaction rate, In Fig. 4 are presented curves of 1 = F(t) illustrating this effect. 


The data obtained by us on the symmetrization of organomercury salts under the Influence of ammonta 
permit the preposal of the following two-stage reacuon mechanism; 


R R, R Rs 
eee 


Stage I (reversible) {fs an electrophilic substitution at a saturated carbon atom, In Stage HI, °*°*® the am- 
monia {s ted up by the HgBr, thereby shifting the equilibrium of I to the right. 

dilute HC1(0.149 N) used did not react with elther the {nidal or the final organomercury compounds, 
* *Simflar results were reported by Witinore for the symmeulzauon of organomercury compounds with potassium 
fodide 

***From the fact of the existence of Equilibrium I it follows that not only th. symmetrization reaction, but 

also the reverse rcaction + HgBr, —> HgBr, which tsa’so an electrophilic substitution at a 
saturated carbon atom, apparently proceeds with retention of the stereochemical conflgwation, Actually, notwith- 
standing our previous opinion [1], the reaction of the menthyl ester of a-mercuri-bis-phenylaceuc acid with 
HgBrgin acetone in the cold, was shown by us together with U. Yan-Tsim, procecds with retention of the configura- 
ton, Racemizadon, established by conducting tus reaction at 56°, was due to secondary processes, 

* ee The composition of the complex formed between the mercuric bromide and ammonia can vary depend- 
ing on reactica conditions, according to our data and the data of a number of other authors (6}. 

eee? Appacently, Stage II of the symmewization reaction fs also reversible, since the depth of the conversion 
of the oclginal matecial depends essentially on the amount of excess ammonia, 


% - J 


Fig. 3 The results of the study of the stereochemistry 
and kinetics of the symmetrization of organomercury 
salts permit us to establish for the first ime a blmole- 
cular mechanism for an electrophilic substitution reaction at a carbon atom with retention of the stereocheml- 
cal configuration. 


by 


The authors express thele appreciation to Prof, N, M, Emanuel and Prof, V, V. Voevousky for paruicipat- 
ing in the discussion of this work. 
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HYDROGENOLYSIS OF HOMOLOGS OF FURAN OVER PLATINUM CATALYST 


Associate Member Academy of SclencesN. I, Shuikin and I, F. Belsky 


In 1523, Kaufmann and Adams [1] used a platinum catalyst activated with fron salts for the hydrogena- 
tion of furfural and some of its derivatives in the Uquid phase at ordinary temperature, The authors found that 
under these conditions the basic reaction fs the hydrogenadon of the double bonds fn the furan ring which re- 
sults in the formation of tetrahydrofuran derivatives, However, during the hydrogenation of furfural, in addidon 
to tetrahydrofurfuryl alcohol, there was obtained a small amount of products of the hydrogenolysts of the furan 
ring at the C—O bonds — 1,2- and 1,5-pentanediol and n-amyl alcohol. In the opinion of the authors, the for- 
mation of these compounds did not proceed through the stage of the formation of tetrahydrofurfuryl alcohol, 


since the latter did not undergo hydrogenolysis in appreciable amounts under the conditions under which the ex- 
periment was carried out, 


Plerce and Adams (2) investigated the hydrogenation of ethyl and butylfurylcarbinol under the condidon 
described above and obtained similar results; In addidon to alkyltetrahydrofurylcarbinols, producis of ring 
cleavage alkancdlols and alkanols — were obtained. 


Smith and Fuzek [3], studying the hydrogenation of furan and {ts closest homologs and also of furfuryl 
alcohol and pyromucte acid in the quid phase and in the presence of Adams platinum catalyst at elevated © 
temperatures, found that the basic reaction under these conditions {s hydrogenolysis of the ring at an ether bond 
leading to the formation of compounds of the aliphatic serles, It was established that, other conditions being 
equal, the nature of the side groups had a declsive Influence on the direction of hydrogenolysts of the furan ring. 
Thus, furfuryl alcoho! and sylvan were cleaved at the 1,5-C—O bond with the formation of the corzesponding 
2-pentanol and 1,2-pentanediol, while hydrogenolys{s of the ring in pyromucle acid occurred at the ether bond 
next to the carboxyl group (1,2-bond), Relative to the mechanism of the hydrogenolysts of the furan ring, Smith 


and Fuzek, as a result of a comparative study of the hydrogenolys!s of furan and tetrahydrofuran, came to the 
same conclusion as Kaufmann and Adams, 


Liquid and vapor phase hydrogenolysis of furan homologs proceed in different ways, During Uquid phase 
hydrogenation of sylvan over copper chromite under hydrogen pressure, the furan ring is broken to almost equal 
extents at the 1,2- and 1,5-C—O bonds, In the vapor phase over nickel (5) and copper (6) catalysts, the furan 
ring in sylvan breaks only at die C—O bond not adjacent to the side chain, 


The hydrogenolysts of furan homologs in the vapor phase over Raney Ni-Al catalyst proceeds In a very 
unusual manner (7). This latter, fn contrast to other catalysts, possesses the remarkable ability to carry out 
hydrogenolysts of the furan ring at both C—C aad C—O bonds (so-called *conjugated® hydrogenolysis), as a re~ 
sult of which aliphatic alcohols and ketones with shortened carbon chains are formed {rom furan homologs, All 


furan homologs having an alkyl or alkenyl substitucnt in the a-position undergo hydrogenolysis in duce direc- 
dons, as may be seen from the following scheme; 


1,5-bond rupture 


‘f fs and 4,5-bond 
and 3,4-bond runt 


| 
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The hyvrogenolysls of faran homologs becomes the predominant reaction over NI-Al catalyst attempera- 
tures above 150°, Below this temperature, alkylfuans are converted in high yleld to the corresponding alkyl- 
terah;drofurans, The direction of hytrogenolysis of the cing In a-alkylfurans depends essentially on tempera- 
ture, At temperatures of 175° and below, the furan sing ts split almost exclusively im the direction of I and Il, 
and at higher temperatures, Reacton occurs, Moreover, the relactve stabilities of the 3,4- and 4,5- 


carbon-carbon bonds with respect to temperature change In the reverse order; with an Increase In temperature, ~: 
the stability of the 4,5-bond increases and that of the 3,4-bond decreases, As with platinum catalyst, hydro- Ae 
genolysis of the furan ring in the presence of Raney NI-Al catalyst does not proceed through a stage In which ee 
the ring double bonds are hydrogenated, since homologs of tetrahydrofuran are more stable than alkylfurans c 
under comparable hydrogenadon conditions 

Such a mechanism of the hydrogenolysts of the furan ring {s, apparently, general, since the same reiative < 
stability of furan and tetrahydrofuran rings ts also observed over other catalysts (copper chromite [4) and nickel fs 
(Sp. 
The sbove-indicated investigations permit the conclusion that hydrogenolysis of the furan ring depends, as 


in the general case, on the nature of the catalyst, the nature of any subsdtuents, the temperature, and the 
method of carrying out the reaction (Liquld or vapor phase), 


In the present work, we Investigated the hydrogenolysis of a-subsututed furan homologs In the vapor phase 
over pladnum (15%) deposited on activated birch charcoal, Furan homologs with side chalns trom Cy to Cg 
were used, which permitted judging the effect of the length of the carbon chain of the alkyl side group on the 
nature of the hydrogenolysis of the furan ring, It was established that during hydrogenation In the vapor phase 
over platinized charcoal at 275°, the furan ring in @-alkylfurans cleaves at the 1,5-C—O bond regardless of 


the chain length of the aes 
3 


Aliphadc ketones were formed in yields.of 90-S5% of theoretical by this reaction, At this temperature 

we were unable to detect any appreciabie amount of alkyltetrahydrofurans in the reaction products, However, 
“at the lower temperature (230°), from the catalyzate from the hydrogenation of a-n-propylfuran was fsolated, 
in addidion to 4-heptanone, a-n-propylteuahydrofuran in an amount of 16% of the welght of the catalyzate, 


Consequently, a lower temperature promotes the hydrogenation of the double bonds in the furan ring, 
while an elevated temperature promotes the hydrogenolysis of the 1,5-ether bond, 


EXPERIMENTAL 


Catalyst. Activated charcoal was impregnated with the calculated amount of chloroplatinic acid, and 


was then reduced In hydrogen in the reaction tube at 200-250". The Catalyst contained 15% of finely dispersed 
Pt. 


Starting Materlals, The furan homologs were synthesized by the following general scheme; 


Pu 
+ 
H 


Pa 
R'+H, 20" CH,CH,R' 


Pure alkyl- and alkenylfurans were isolated from the dehydration products by distillation in a 40 plate column, 
@-Ethyl-, &-n-propyl-, &-n-butyl-, and a-n-amylfurans were prepared in this manner, Pure sylvan was ob- 

tained from a commercial preparation by weatment of the latter with sodiuin and distillation in a column, The 
physical propertics of the @-alkylfurans are presented in Table 1, 
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TABLE 1 


matcrial was fed to the reaction zone at a space rate of 


TABLE 2 


0.1 hours? 


Furan homolog B.p.,’C/inm Hg 

Sylvan 63-64/750 0.9120 1.4321 
a-Ethylfuran 91-91.5/750 0.9018 1.4402 
a@-n-Propylfuran 114-115/745 0.8876 1.4395 
a@-n-Butylfuran 139.5-140.2/750 0.8877 1.4468 
a-n-Amylfuran 163,6-164/745 0.8835 1.4512 


Experimental conditions, The hydrogenauion of the furan homologs was carrled out in a flow system at 
275 £3°, The reactor was a quartz tube with a length of 120 cm and an {nternal dlameter of 18 mm, The tem- 
perature was measured with a chromel-alumel thermocouple In the centcr of the catalyst bed, The starting 


Hydrogenolysis | Yield in % | Byp., °C 
products 


Semicarbazone 
m.p.,°C 


2-Pentanone 95 


4-Nonanone 92 


186-187 


ing semicarbazones, 
ing points of their semicarbazones. 


SUMM 


in high ylelds, 
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101-101.5 | 0.8081 
3-Hexanone 123-124 | 0.8169 
4-Heptanone 93 142.5-143 | 0.8176 
4-Octanone 95 166.5 0.8190 
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Analysis of the reaction products. The catalyzate obtained from the hydrogenation, after drying with 
potash, was fractionated in a 40-plate column, The ketones were then identified by means of the correspond- 


In Table 2 are presented the yields and properties of the ketones obtained and the melt- 


It was found that hydrogenation of a-alkylfurans {n the vapor phase at 275° over plaunized charcoal re- 
sults in selective hydrogenolysis of the furan ring at the 1.5-C—O bond with the formation of allphatic ketones 
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ON THE KINETICS OF HIGH TEMPERATURE ETHANE CRACKING 


A.M. Brodsky, R. A. Kalinenko, Associate Member Academy of Sciences USSR 
K.P. Lavrovsky and V. B, Titov 


An investigation of the overall kinetics of ethane cracking in the temperature range of 800-900" Is des- 
cribed in this article. A study of cracking at such high temperatures under strictly fixed conditlons, which has 
not been carried out, up to the present time, with suffictently lfgh accuracy for kinetic experiments, Is of con- 
siderable theoretical and specific practical interest (1). 


The Increase In temperature and the corresponding 
decrease in reaction dme to 0,5-0.005 seconds required 
the development of a speclal experimental method, In 
particular, in order to obtain sufficiently rapid heating 
of the feed gas and to malrcain constant temperature a> _ 
long the length of the reaction zone, advantage was taken 
of the extremely fast heat exchange obtainable with a 
*fNuidized layer"(2) of a heat carrier (corundum), * Each 
experiment was divided into two parts: 1) the cracking 
process and 2) analysts of the products, The analysis was 
cartied out by a chromatographic method developed by 
us and described in reference [3]. In those cases where 
the Individual gases, lsobutane, for example, were pre- 
sent in such small amounts that they were not registered 
by the chromatographic analys{s, the method of radlo- 
active indicators was used, For this purpose, a small a- 
mount of cl-tagged methane® * was added to the ethane 
feed, 


The radiocarbon entered {nto the composition of 
the gases formed during cracking, and was determined fa 
the corresponding fracdons after separation of the crack 
ing products, to which was added the appropriate inest 


Fig. 1. Apparatus flow diagram: 1) quartz reactor 
2) heat carrier (corundum); 3) preheater; 4) diermo- 
couple; 5) feed mixture reservoir; 6,9, 14) mano- 
meters; 7,10) rotomneters; 8) carbon dioxide reser- 


volr; 11) condenser; 12) vacuum Une; 13) valve; sign 
15) reservoir for regulating pressure In valves 16) A schematic flow diagram of the basic elements 
line to system for gas separation, of the apparatus {s presented In Figure 1, A mixture of 


ethane and small amounts (of the order of 2%) of radio- 
active methane was contained In reserve 5. Within the Umits of accuracy of chromatographic analysis, these 
gases did not contain any impurities, During an experiment, the gas was directed from 5 to preheater 3, the 


*We note that, at the temperatures be!ng considered, the role of the surface 1s known to be unimportant. 

** The authors express their appreciation to Yu. 8, Kryukov and L. 1. Liberov for the gift of the tagged methane. 
ee* A detailed consideration of the disuibution of oe among the cracking products will be presented in 

subsequent paper, 


bad 

a 
8 

12 
HE 46 

| 

6 | 
: 


temperature of which was maintained at 350-400" and which was located In reactor 1, The lower part of the 
reactoe was filled with particles of corundum, the diameter of which were varted from 0.1 to 0.8 mm depending 
on the rate of gas flow, As already menticned, during the experiments a “Nuldized layer® was formed in the 
reactor, and complete ox almost complete mixing ef the reaction mixture was odtafned, This circumstance 
was confirmed by visual observadion and by a comparison with hydrodynamic criteria for the formation cf a 
fluidized layer. However, the chief argument indicating the presence of mixing in the reactor Is the very strict 
adherence to an overall monomolecular cracking reaction of the relationships obtained on the assumption of 
complete or almost complete mixing in the ceacticn zone, 


TABLE 1 


iti : as, ve 
Feed yas Reduced [Reactor Compasition of effluent cas, vel, % 
& 5 |vol. % time,t |mm, Hg] ) 
x | 2 2 
wz 

| 

35 + | 0.0573 | 90 765 41.06 186.6 | 5.412.6 | 
43 | 4 CH, | 0 0796 90 773 14.055/88.7 | 4,4]2.5 | 4.3 10.4 
38 0.14 44.075] 84.3 6.95 5.4 [0.4 

0.260 91 770 |1.12 | 10.3] 2.5 $10.3 10.4 
4A 0.415. &8 770 14.47 168.7 | 14.2'3,4 713.3 
46 90.705 91 77 23 | 60 19.5 | 2.73 [16.7 
48 U.82 89 773 [1.56 22:4: 4.8 120.7 108 
28 C;H.+ 0.008" 130 843 11.04 | 8&9 4.5] 1.96] 4.1 10.4 
29 | CH, | 0.026 82 $38 14.17 169.4 | 14.3 | 3.05 ]43.4 |0.2 
32 0.0415 841 79.25 159.5 | 183] 4 17.9 
0.0625 837 [1.27 21.1 13.9 119.9 [0.3 
33 0.0735 | 837 1 38 145.2 | 25.6] 44 °]24.1 10.4 
0.0875 90 834 11.45 |45.2 | 21.2 | 4.8 [28.0 [0.7 
49 196.5°.C,H,+, 0.0078 &9 890 14.19 |63.54] 18.7] 22 ]15.5 |0 06 
SO 0.0117 104 11.23 8 | 20.5] 3.2 |17.4 1 
33 0.0156 93 §92 14.34 [48.6 24.1,3.4 [23.7 [0.2 
52 6.0192 95 894 14.345]47.5 | 25.1137 123.6 10.15 
56. 0 0152 90 §97 |1.38 [50.2 | 22.5] 42 [22.6 [0.5 


In order to cool the cracking products rapidly after thelr exit from the Muidized layer, carbon dioxide at 
room temperature was fed into the top of the reactor {n 2 welght ratio to the reaction mixture of from 3 to 12, 
The temperatures in th2 reactor in the fluidized layer and over the fluldized layer after the tntroduction of the 
carbon dioxide were measured with platinum thermocouples, the readings of which were recorded by means of 
a fast-respoase electronic potendometer with an accuracy of 2-S*, A special valve, the construction of which 
was described in [4], permitted maintainence of a constant pressure in the reactor (approximatcly 90 mm Hg). 

_ The first portions of the cracking products were discarded (blank experiment). 


The basic compositions of the effluent gases are presented in Table 1 for three temperatures, 


The reduced reaction ime was equal to t = ve . where V fs the volume of the fluidized layer, v Is the 


linear rate of gas flow taking into account the thermal expansion, € {s the fraction of free volume, and F Is the 
reactor cross section, Since the reaction was carried out under condivions of complete mixing and the compo- 
sidon of the effluent gases conformed to the composition {n the reacvon zone, not changing along the length 
of this zone, in order to determine the final concentrations it is sufficient to write a balanced equation for the 
reaction, For ethane, the equation has the form 


voF = WF + k (1) 


{ 
4 
910 


where k fs the cracking rate constant, (CHg)g fs the conceniration of ethane at tthe entrance to the reactor, and 
(C3) ‘{s the ethane concentration at the exit from the reactor, Equation (1) can be rewritten In the following 
form, which Is more convenient for graphical represeatation of the experimental data: 


y= 14 kt. (2) 


In Figure 2 Is plotted the dependence of y{t) for three temperatures Invesdgated, The value of k was 
0.54 at 770°, 7 at 838°, and 31 at 890°. As scen from Figure 2, the accuracy of the determination of k was 
very high, and the basic error In the subsequent determination of activation energy Is connected with ‘the error 
in the determination of temperature mentioned above, In Figure 3 Is ee the relationship In k vs. 1/T. 

As seen from Figure 3, the value of 


d in 
d YT 


= 


9 a 

Fig. 2. The relationship y = =1+kr 

I) at T = 770°, k = 0,54 sec ms Il) at T = 838°, 

k = Ll) at T = 890°, k = 31 sec “4, Fig.3, Dependence of ink on YT: a) experimental 


data; b) Uterature data, 


does not remain constant with an increase in T, but increases from a value of 68 kcal, obtained In the experi- 
meats at the lower temperatures, to 82,0 4 3 kcal. This, onthe one hand, indicates a change {n the reaction 
mechanism, In which, obviously, the share of chain processes decreases [5]; on the other hand, the value ob- 
tained Ls close to the value for the energy required to break the C—C kond In ethane, measured tn (6). It 
should be noted that, as seen from Figure 2, up to very high degrees of conversion the well-known effect of | 
auto-Inhibition did not develop, This can be interpreted as evidencz for connecting auto-inh{bition at lower 
temperatures with wall effects, The formation during ethane cracking of higher hydrocarbons, particularly of 
Cy, has been repeatedly pointed out in the HMterature, However, the nature of these hydrocarbons has not been 
completely Investiyated (7). With the ald of the previously-mentioned radloactlve-Indicator method, It was 

. possible to establish the presence In the cracking products of butadiene and butylenes in amounts of the order 
of tenths of a percent and only traces of {sobutanc, and also the oresence of propylene and propane, 


In concluston, the authors express thelr appreciation to V. V. Voevodsky for discussion of the work and 
for making valuable comments, 
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HYDROGENATION OF ETHYLCYCLOBUTANE AND 1,1,2-TRIMETHYLCYCLO- 
PROPANE IN THE PRESENCE OF PALLADINIZED CARBON 


M. Yu. Lukina, S. V. Zotova and AcademiclanB, A. Kazansky 


In the presence of plauinized carbon, cyclopentane [1], cyclobutane [2,3], and cyclopropane [2,4] 
hydrocarbons can add hydrogen with ring cleavage (hydrogenolysis) under comparatively mild conditions. In 
addition to this reaction, which {s general for all lower cycloparaffins, alkyleyclopropanes are capable of under- 
going sll another hydrogenation reaction with ring cleavage. This reaction proceeds through the intermediate 
isomerization of the alkylcyclopropanes to olefins which are then hydrogenated to paraffins (5). As seen from 
the schemes presented below, the final products of the two reactions ave different. 


Hydrogenolysis: , 


-C-CH,-CH, 100% 


Isomerization with subsequent hydrogenation: 


80% 


CH—CcH, 20% 
cH, 


—~ (olefins) _ 
x 


In spite of the fact that activated carbon Is an active {fsomerizing agent for alkylcyclopropanes (5), hy- 
drogenation In the presence of platinized activated carbon proceeds only via hydrogenolysis. This can be ex- 
plained on the basis that, as a consequence of the particular actlvity of platinum as ahydrogenol ysis catalyst, 


the rate of this reacdon considerably exceeds the rate of fsomerization with the result that the latter does not 
occur, 


It has previously been shown by Kazansky and coworkers that, In contrast to platinized carbon, palladiniz- 
ed carbon cannot catalyze the hyJrogenolysis of cyclopentane (6) and its homologs 7]. Data relating to the 
hydrogenolysis of alky!cyclobutancs in the presence of palladium catalysts are not available, According to the 
data of Bond and Sheridan (8), cyclopropane can add hydrogen In the presence of palladium deposited on pu- 
mice; however, this occurs at temperatures higher than In the similar case of platinum catalyst. In the present 
work, we studied the hydrogenolysis of ethylcyclobutane and 1,1,2-uimethylcyclopropane in the presence of 
the sams sample of palladinized carbon, These data are readily compared with those obtained in the presence 
of platinized carbon, a reaction which has been studied with these same hydrocarbons (3,4). It should be noted 


that over the sample of palladinized carbon used by us, hydrogenolysis of cyclopentane occurred only to an fn- 
significant extent (~3%) at temperatures above 300°. 


_ The experiments showed that ethylcyclobutane underwent hyJrogenolysis in the presence of this catalyst 
but a somewhat higher temperature was required than in the case of platinized carbon, Moreover, both possible 


bonds of the four-membered ring were tuptured; however, the branched isomer was obtained In somewhat higher 
amount (about 60%) 


4 
H, 
cn, 
¥7 
cit-ay i, 
; 
913 


A more essential difference from platinized carbon was observed in the case of 1,1,2-uimethylcyclopro- 
pane. It was found that at temperatures of 100 and 120° in the presence cf palladinized carbon, both possible 
alkylcyclopropane hydrogenation reactions proceeded — bedi hydrogenolysis and lsomerizadon with subsequent 
hyJregenation — as a consequence of which the catalyzate contained all Uuce possible products of the cleavage 
of the three-membered ring: ; 


— Cit, -- Cit, 
(CH,—CH—CH —CH, 
NX 


Cis CH 
CH, — CH — Ct; — Cl, — CH, ~ 20% 


Hy 


With an increase in the reaction temperature to 220°, the side reaction proceeded to a greater extent, and a 
mixture of 2,3-dimethylbutane and 2-methylpentane comprised 40% of the total mixture, 


The results obtained show that palladinized 
carbon is not such a specifle catalyst for the hydro- 
genolysis of lower cycloparaffins as platinized carbon, 
Only with respect to the alkylcyclobutane were the 
Hydrocarbons a 2 results of the hydrogenation reactions in the presence 

‘ of these two catalysts close, In the case of the alkyl- 
cyclopropane, the lower activity of palladium as a 
Cyclopentane ‘T¢go62 | 0 7453 hydrogenolysis catalyst led to competition between 
a-Peatsne ; 35745 | 0.62619 the rate of the hydrogenolysis reaction and the rate 
Etayleyclobutane ; 4921 | 0.7270 of the isomerization of the alkylcyclopropane Into 
n-Hexane hydrocarbons with an open chain, which proceeded 
by virtue of the carrier — activated carbon — so that 

propane 2. .3862_ | 0.6948 both reactions occurred at temperatures of 100-200". 
-Methylpentane “37145 | 0.65315 


-Dimethylbutane “oss | 1.37495 | 0.66164 
"36876 | 6.64916 EXPERIMENTAL 


TABLE 1. 


2 
2 


Hydrocarbons; the ethylcyclobutane, 1,1,2-ui- 
methylcyclopropane, and cyclopentane were prepared 
by previously described methods (3,4,9). The physt- 
cal constants of these hydrocarbons as well as those 

of the paraffinic hydrocarbons which can be formed by their hydrogenation are presented in Table 1. 


Catalyst: palladinized carbon (20% Pd) prepared by the method of Zelinsky [19]. 


The hyJrogenation was carcied out by a previously described method (2). In all cases, the hydrocarbon 
mixed with hydrogen was passed over the previously reduced catalyst at a space rate of 0,2 hour, A columa 
with copper packing equivalent to a 35-plate column was used for distiilation of the catalyzates; toward the 
end of the distillation, 16 ml of n-heptane was added to the distillation flask, 


I. Cyclopentane, A catalyzate having the following physical constants was collected during the experi- 
ment on the hydrogenation of cyclopentane at temperatures of 310 and 320°: n¥ 1.4050; d’? 0.7430. Judging 
from the specific volume of the catalyzate, it contained about 3% n-pentane, 


O. Ethylcyclobutane, Hydrogenation of ethylcyclobutane at temperatures of 260, 270, and 280° gave 
catalyzates with indice. of refraction in the range 1.3800 to 1.3775. An increase in reaction temperature 290° 
gave a catalyzate with nb 1.3770. A second passage of the catalyzate over the palladinized carbon gave 
12.8 g (18 ml) of a catalyzate with nb 1.3764 and d°? 0.6634, The results of the distillation of the catalyzate 
are presented In Table 2 and Figure 1, 


CHs 
inf 
CH-CHy, 
CH 
2 
< 
: 


TABLE 3 


c 

3 n 
Ez He) Hg) 


| 
| 
| 
| 
| 


I [63.1—63 6} 5.0 | 1.3762] 0.6641 500 6.90 | 1.2690] 0.6492 
63.6 -64.6) 3.0 11.3760} 0.6643 540 4.0 14.269) 0.6495 
64.6—-68.0] 4.0 [41.3758] 0.6624 [50.C—57.0) 4.5 3719] 0.6539 
IV 68.2—69.2] 4.5 14.3762] 0.6628 1.5 14.5743] g.65%5 
69 2—85.2] 0.5 Loss 1.5 
1.0 


TABLE 4 


c es. 
B.p.. & 
Hg) |< 


49 3—50.1] 5.5 3683] 0.6490 | 
il 50.1 7.0 | 4 3688} 0.6492 Jd 73 
WE 4.0 | 4.3708] 0.6535 
57.4—58.4] 2.5 [1.3743] 0.6609 
50.5) 2.5 11.3745] 0.6008 Fig. 1 
4.5 


From a coinparison of the data of Tables 1 and 2, Fractions I and If were 3-methylpentane, Fraction IV 
was n-hexane, the constants of which were somewhat too high owing to the presence of ethylcyclobutane as 
an impurity, and Fraction III was intermediate, Judging from the distillation curve, 3-methylpentane com- 
prised about 60% of the mixture, 


Il, 1,1,2-Trimethylcyclopropance. On hydrogenationg 1,1,2- at temperatures 
from 60 to 220°, the Indices of refraction of the maaan varicd insignificantly and fell in the range 1.3698 
to 1.3710, 17.5 ml of catalyzate collected at 120° had ny 1,3710 and d 0.6510, The results of the distiila- 
tion of the catalyzate are presentcd in Table 3 and Figure 2 (Curve a), 


From a comparison of the data of Tables 1 and 
¢ 3 it can be concluded that Fractions I and IL were 2,2- 
731 dimethylbutarne and Fractions If! and IV were a mixture 
of 2,2-dimethylbutane with 2,3-dimethylbutane and 
2-methylpentane, Judging from the disullation curve, 
2,2-dimethylbutane was approximately 70-80% of the 
total mixture, 


The catalyzate collected at £220" 

(23 ml) had nj} 1.3708 and d%° 0.6520, The distillation 

} results are nega in Table 4 and Figure 2 (Curve b), 
A comparison of the data of Tables 1 and 4 shows that 
Fractions [ and Il were 2,2-dimethylbutane, Fractions 
IV and V were a mixture of 2,3-dimethylbutane and 
2-methylpentane, and Fraction III was transitional, 
Judging froin the distillation curve, In thls case the con- 
tent of 2,2-dimethylbutane In the catalyzate was ap- 
proximately 60%, 
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ON THE EXISTENCE OF THE HIGHER OXIDE CO, 


R. B. Tagirov and P. Shevchuk 
(Presented by Academician V, Kondratyev, May 17, 1957) 


The results of an investigation of the percentage of completion of combusticn of mixtures of CO and Og 
on water vapor content led to the conclusion (1) that in dry mixtures the reaction rate must be zero, However, 
Lewis and von Elbe [2] consider {t possible for a reaction to take place between CO and O; In the absence of 
water vapor; In this case, oxidation ts propagated with the particlpation of the hypothetical higher oxide CO, 
It is assumed that the structure of this oxide Is; 


It {s known from experlmental data that the bands inthe infrared absorption spectra of CO3, C93, HCOOH, 
etc, corresponding to the valence vibrations of G=O are very Intense (3), and very low concentrations of {mpurl- 
Wes of these gases can be detected by means of this band, Consequently, the highcr oxide COy, if it actually 
exists, must be detectable by an Infrared study of the diffusion flame of CO in O3. A possible value for the 
. frequency of the C=O bond can be roughly evaluated by taking the force constants for this bond in CO, and 
HCOOH as equal, this value fis, then approximately 1660 em”, 


tT 


0, C0 0, 
Fig. 1, Diagram of burner, Fig. 2, A portion of the spectra of the CO flame show- 
tng the band at vy = 1615 cm“; 1) 10 mm froin burner; 
We used an IKS-11 Infrared spectrometer 11) 1.5 mm from burner, 


for detecting the presence of CO,. In order to 

increase the Intensity of the radiation falling on the slit, a spherical mirror was placed back of the flame at @ 
distance equal to the radius of curvature, The carbon monoxide was prepared by the action of formic acid on 
sulfuric acid while heating the latter, washed with a solution of NaOH, and collected over water in a galvanized 
oc ungalvanized Lron gas holder, Prior to combustion, the gas was carefully purified by passage through a special 
drying agent containing PyOg. The oxidizing gas was technical oxygen, In those cases where {solation of the 


2s 
or or 
0, 0; 


Ve 


Fig. 3. Graph of the variation in Intensity of the 
band at vy = 1615 cm™ with content of O; in the 
mixture of + Ng. 


Fig. 4. Graph of the variation of Intensity of the spec- 
purifled nltogen was blown through the burner, 

tral bands with heSght. Intensity of the OH Line evaluat- 
while oxygen was used to {solate the flame from 

ed approximately, 
nitrogen and molsture, The oxygen and nitrogen 
were also passcd through the special desiccant 
containing POs. The forin of the burner {s schemaucally shown in Figure 1, 


Measurement of the frequency was carried out by a graphical method of great accuracy (4). 


We will not present here a complete descripuion of the emission spectra of the diffusion lame of CO In 
O3, but will mit ourselves merely to pointing out that In the frequency interval from 60C0 to 400 cm the 
spectrum contains approximately 100 Unes and bands which can be atuributed to radiauion from CO, OF, CO,, 
HO, When the CO,O,j , and Ny were subjected to careful purification, only nes and bands due to CO and CO, 
appeared in the specuum of the flame, If the image of the base of the Name (not higher than 3.5 mm from 
the burner with a total helyht of the visible ccne of 15-17 mm) were directed onto the slit of the spectrometer, 
a band with maximum Intensity at a frequency of v = 1615 cm™ appeared In the specuum; this band was not 
due to radiation by any of the particles enumerated above (Figure 2), At first, we were Inclined to Identify 
this band with the NO, band (absorption at v = 1621 cmé'), However, If the Mame were Isolated from access 
of atmospheric nitrogen by shielding with purifled oxygen, dus band not only did not disappear, but even be- 
came several times more Intense, An increase in intensity was also observed when the concentration of oxygen 
In the Og plus Ny cxidizing mixture was varied, A curve showing the relationsh{p “Intensity of radiation In 
nominal unlts — amount of oxygen tn a specifle volume of oxidizing mixture® {s presented In Figure 3, During 
these experiments, the presence of ozone in the combustion products was casily detected by the odor, Further, 
the relation of the tntensity of the band at v = 1615 cm“ to molsture content of the CO was Investigated, The 
experiments showed that an Increase In the molsture content of the CO did not lead to an Increase in the Inten- 
sity of this band, Therefore, further investigauions were carried out without drying the gascs used, In particu- 
lar, the variation In Intensity of the CO, OH, CO;, HO and v = 1615 cm bands was studied at varlous loca- 
tons along the height of the Mame. From the curves obtained (Figure 4), it is seen that the band atv = 1615 
em“! has Its maxlmum Intensity at the very base of the Mame, and that the Intenslty drops off rapidly with an 
increase In height, reaching zero by the time the helght becomes 3,5 mm, 


The maximum Intensitles of the CO and OH bands are shifted upward somewhat, the max{mum Intenslty 


. Of the CO, band fs sull higher, and, finally, midway In the height of the visible cone of the flame,the H,O 
bands reach maximum Intensity, 


On the basis of an analysis of these experimental data, we arrived at the conclusion that the higher oxide 
CO, 1s responsible for the band at vy = 1615 cm", Apparently, only the Q-branch appears most clearly in the 
spectrum, and the P- and R-branches are superimposed on the CO, and HO bands so that ft Ls difficult to ob- 
serve them, If this fs so, then the short wave length limit gives a frequency of » = 1655 cm™, which ts very 
close to the calculated frequency of 1660 cm cited above by us, That Knipe and Gardon (5) also polnted out 
the possible existence of CO, on the basis of the elecuon radiation of CO and O, Mames confirms our conclu- 


sion, However, the absence of an effect on band Intensity of the presence of water vapor {n the combustion 
zone remains obscure, 
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EXTENSIVE CHLORINATION OF PROPANE WITH A MOVING-BED CONTACT MASS 


Academician A. V. Topchiev, A. Krentsel and D. E, Ilyina 


Recently, there has developed anever-increasing interest In the products of the extensive chlorination of 
hydrocarbons, particularly of alkanes. In addition to the purely theoretical interest, this fs explained by the 
widespread use of polychicro-substituted compounds as intermediate products In the production of poison chemi- 
cals, fibers, and other products of organic synthesis, 


As Is well-known, the chlorination of alkanes {s accompaned by the Mberation of a considerable amount 
of heat, which compllcates the process and, In a number of cases, leads to the practical Impossibility of syn- 
thesizing the desired chloride under industrial condidons, 


From the pol=t of view of eliminating the heat of reaction and creadng conditions providing for extensive 
chlorination of alkanes, the possibility of carrying out the chlorination reaction with a moving, chemically Inert 
heat carrier in a manner similar to processes which have found widespread use in petroleum processing deserves 
attention, 


x 
w 
vw 
To vacuum 
pump 


pump 
Hydrogen 


5 


Condensers 
Chlorine. 


[a 


Water 
——__Drain system_ 


Fig, 1. Flow diagram of apparatus, 


Owing to the direct contact of the reagents with the moving heat carter, {t 1s comparatively easy to pro- 
vide the required conditions for.the elimination of heat of reaction while retaining the temperature regime of 
the process, 


It has been proposed in the periodical and pateut Mterature to carry out the chlorination of methane fn a 
fluidized bed of catalyst and heat carrler (1-3), However, no experimental work has been published, 


— 
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EXPERIMENTAL 


‘The experiments on the chlorination of propane were carried out In a small-scale apparatus with a mov- 
ing-bed heat carricr (mullite).° 


The heat carrier moved by gravity from the separator through the regenerator and reactor at a rate deter- 
mined by the output rate of the screw-fcedcr; from the screw-fceder the heat cartler was fed to the hopper of 
the pneumatic transport system, and then returned to the separator, This consituted the closed cycle of the 
heat carrier, The heat carrler was regenerated by burning off the carbon deposited on it during the reaction, 
and was carried out by feeding Mue gas Into the regenerator, Hydrogen was used as the fuel, 


The pneumatic wansport system and the furnace were consuucted on the suction principle, which fs more 
satisfactory than a pressure system for carrying cut chemical processes In general and, in particular, for pro- 
cesses involving the ure of such reagents as chlorine since such a pneumauc transport system excludes the pos- 
sibility of leakage of gas from the system, 


The heat carrier was mullite (fused stone) having a granule diameter of 3-5 mm, The reactor was con- 
structed from concrete based on high-alumina powder and crumb, sodium fNuosilicate, and sodium silicate; 
the regencrator was constructed of firebrick and had a carbon steel cone, All oth-r parts were of stainless steel, 


The temperature of the heat carrier was measured with thermocouples located in the regenerator, at the 
heat carvier exit from the regenerator, at the entrance of the heat carrier into the reactor, and at fts exit from 
the reactor, 


Yo wt. % 
& 
3 @ 3 
2 
x 
crea =p 2 9 
7) 20 24 = 80 120 60 brs. 
Molar ratio _ Space rate 
Fig. 2, Variation with reagent ratio of the com- Fig. 3, Effect of space rate on the compcezition of the 
position of products from the extensive chlorina- products from the chlorination of propane in a moving- 
don of propane with a moving-bed heat carrler; bed of heat carrler, Notation as in Figure 2, 
1) monochloropropanes; 2) dichloropropanes; 3) 
tichloropropanes; 4) polychloropropanes, The reagents — propane and chlorine — weze fed 


to the lower part of the reactor; the products were re- 
moved from the upper part of the reactor. The chlo- 

_ rine was fed at two or three points, The reaction products were sucked from the reactor through a ball con- 
denser, in which the higher boiling part of the products was condensed; they were then passed to a columa 
where {t was sprayed with water to wash out hydrogen chloride, then to a column where It was sprayed with a 
20% solution of potassium hyJroxide to absorb free chlorine, The reaction products, washed free from hycrogen 
chloride and chlorine, were passed through a Drechsel washing bottle containing a solution of potassium fodide 7 
and sulfuric acid and then to condensation {n traps cooled with a mixture of dry ice and acetone. 


The uncondensed gaset (unreacted propane, Inert gases, etc.) were pulled out by a vacuuro pump; a part cs 
of the gas was collected in a gasometer for analysis, The hydraulic regime of the reactor was controlled by . 
means of a draft of fue gases in the lower part of the reactor, Removal of the reaction products from the re- 
actor was regulated by means of differential manometers, 


The propane feed had the same composition as that used in the thermal and catalytc chlorination of 
propane under laboratory conditions: CyHg, 95.3 wt. %; Cytlg, 4.2 wt. %; 0.5 wt. %. Liquid chlorine was 
used in Experiments Nos, 101-104 (see Table 1), and in the rema!ruu.g experiments gaseous electrolytic chlo- 
ine was used, The experiments were carried out at temperatures of 360-395° and at space rates of 60-180 
* The apparatus was kindly presented tous by Ya, P. Chochorov, who, for the first time, successfully cartied out in 
{t the extensive chlorination of methane, We take wus opportunity to express to him our deep appreciation, 
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TABLE 1 


Results of Experiments on the Extensive Chlorination of Propane In a Small-Scale Apparatus with s Moving 
Contact Mass 

Experi-|Tempcra-| Dura- Fedtorcactxr |Molar ratio|Space Product composition, wt. % 

ment jture,°C |tonof Cl, _|rate (according to distillation data) 

No. experl- | chlo- | pro- C3H, hours“ |mono- |dichlo- | higher 
ment, |rine, | pane, chlorides | rides rides chlorides 
minutes | std, std, 
Liters | Llters 


395 31.8 14.8; 2.15:1 | 42 13 39.5 
102 360 60 44.8 21.4 2.1:1 | 60 2.0 25.3 43.1 29.6 
1068 365 90 67,1 34.5] 1.95:1 | 92 3.4 32.1 42.8 21.7 
104 371 90 134.4 63.4] 2,12:1 |180 4.1 27.6 45.1 23.2 
105° 371 26 38.7 21.4 1.8:1 | 55 1.1 25.7 47.8 25.4 
106 381 60 89.6 42.5] 2.11:1 {120 1.0 27.6 41.1 30.3 
107 368 90 100.8 64.0] 1.58:1 |150 2.5 28.5 46.8 22.2 
109 370 39 87.2 36.7] 2.38:1 113 3.4 31.6 48.0 17,0 
110 373 | 60 134.4 56.8] 2.37:1 |174 2.4 50.1 16.4 


Experiment Nos, 195-110 the was fed after electrolysis of an aqueous solution of sodium 


hours, The effect of propane-to-chlorine ratio and of space rate on the yield and composition of reaction 
products was studied. The results of the experiments are presented in Table 1 and Figures 2 and 3, — 


As seen from Table 1, a change in the ratio of chlorine to propane of from 1,58 to 2.1 led to an tnsigini- 
ficant decreate in the yields of di- and ufchloropropanes and to an increase in the yield of polychloropropanes, 
A further Increase in chlorine-to-propane ratio to 2.38 (Experiments Nos, 109 and 110) ar relatively high space 
zatcs led to an Increase in the yields of di- and wichloro-derivatives to 80-S¥% as against 68-73% for a chlo- 
rine-to-propane ratio of 2,1. The amount of monochlorldes formed was insignificant (1-47%) and remained al- 
most constant when the chlorinc-te-propane ratio was changed from 1.58 to 2.38, 


A change In the space rate from 60 to 180 hours“! at a chlorine-to-propane ratio of ~ 2.1:1 had Mttle 
effect on the composition of the product, The Increase in space rate led to an insignificant Increase in the 


yield of di- and wichloro derivatives of propane at the expense of a decrease In the yield of Ahi ahaa leas 
(see Figure 3), 


Replacement of the nitrogen draft by flue gases containing 14-16% oxygen and replacement of Mquid 
chlorine by electrolytic had no percepuble effect on the composition of the chlorinc-containing products, f.e., 
under these conditions, oxygen did not inhibit the chlorination reaction, 


Feeding chlorine {n three places instead of two led to a decrease in pyrolysis and yleld of enue 
panes, Within the Umit of propane-to-chlorine ratio invesugated, no free chlorine was observed in the cfflu- 
ent, 


The experiments in the small-scale apparatus with a moving hcat carrier showed that the yield of dichtor- 
ides does not exceed 25-30%, With an increase in chlorine-to-propane ratio, there fs observed an increase 
in the ratio of chlorine contained in hydrogen chloride to chlorine in the product, which Indicates an Increase In the 
degree of pyrolysis, The products obtained were distilled into separate fractions in a glass-packed 20-plate 
column, The characteristics of the fractions are presented tn Table 2. 


By distillation of the individual fractions, 1,1-, 1,2-, 1,3-, and 2,2-dichloropropanes, 1,1,2- and 1,2,3- 
trichloropropanes, and 1,1,1,2- and 1,1,2,2-tetrachloropropanes were isolated, and their physicochemical pro- 
perdics were determined, The higher chlorides were not investigated, 


The results of the experiments carricd out on the extensive chlorination of propane in a sinha bed of 


TABLE 2 : 
Fraction Mol, wt, 


Monochlozopropanes 1,0601 81,3 
Dichloroproganes 1.2807 116.2 
Trichloropropanes 1.4095 73.2 150.5 
Higher chlorides 1.5480 211.6 


heat carfer showed that this process could have value for the morc extensive chlorination of propane and fordes- 
tucdve chlorination for the purpose of producing carbon tetrachloride and tetrachloroethylene, The moving 
bed heat carrier and the multipoint addition of chloriné are, obviously, decisive factors guaranteeing the 
normal course of the reaction during such extensive chlorination of propane, 
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DIPOLE MOMENTS OF CERTAIN MEROCYANINE DYES, DERIVATIVES 
OF RHODANINE 


E. A. Shott-Lvova, Associaiz Member Acad, Scl, USSR Ya. K. Syrkin, I, I. Levkoev 
and Z. P. Sytnik 


The dipole moments of merocyanine dyes have been little studied [1-3], 


Kushner and Smyth [1] merely showed that the dipole moments of merocyanines {ncrease greatly with 
an Increase in the electron donor and, correszondingly, the electron acceptor nature of the nitrogen-containing 
and ketomethylene groups entering into the dye composition, 


We measured the dipole moments at 25° In benzene, using the heterodyne method, of dimethylidynemero- 
cyanines derivatives of 3-cthylshodanine — containing various nltogen-containing heterocyclic residues, Owing 
to the poor solubility of the N-cthylates of some of the mcrocyanines, we Investigated the corresponding N-n- 
butyl derivatives, ft was shown that In dyes with a benzoxazole residue, substitution of the ethyl group by an 
n-butyl has no effect on the value of the dipole moment, In addition to the dipole moments of dycs 1-10, we 


also measured the dipole moments of 3-ethylrhodanine (12), 1-cthyl-3,3-dimethyl-2-methyleneindoline (13), 
and monomethyldynoxaninebetaine (11). 


The merocyanines were prepared [4,7], and the betaine monomethylidynoxanine 


methylidynoxanine derivative of 


The dyes were purlfled by chromatographing over aluminum oxide, subsequently crystallizing from ethyl 
alcohol and then from benzene, and drying under vacuum at 80°, Compounds 12 and 13 were distilled — 
vacuum prior to Investigation, 


The results of the measurements are presented in Table 1, where successively are given the numeration, 


the concentration Umits in mole fractions, and the polarizations Prote Pels Portent and P., calculated from the 
bonds, 


These Gata show that the dipole moments of compounds 12 and 13, which are constituents of dye 1, are 
small (1.75 and 1,13 D), 


The dipole moments of the free heterocyclic bases (thiazole 1,64 (5), benzthlazole 1,45 [5], and benzo- 
xazole 1.47 [6] are also very small, 


Thus, each of the groups introduces from 1 to 2 D Into the moment, while the moments of the merocya- 
nine molecules vary from 6,3 to 9.9 D. This observation {s clearly illustrative of conjugation of the nitrogen 
of the heterogroups with carbonyl oxygens of ethylrhodanine, A comparison of the values of the dipole moments 
and hypsochromic shifts of the absorption maxima of the dyes with the calculated valucs [4,7,8] show: that there 
is a specific correspondence among these values, In connection with this, considering the relative basicity of 


the indolenine, benzimidazole, or pyridine groups [4,7], large values of the oi moments of the dyes which 
are derivatives of two of the latter bases would be expected. 


These deviations are obviously connected with the direction of the vectors of the moments of the hetero- 
groups, the magnitudes and directions cf which cannot be calculated with sufficient accuracy as yet. 
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TABLE 1 


tc 

Formula 


1459. 36] 


HC—Ss 
N 


CGH, 


CH, 


x : 
Dipole 
1) | 921 95 | 104.20] 817.72] 627 
N 
GH, 
3 | 4330.77 | 107.58 | 1227 7.08 
( 0.000839 
U 
GH, 078s 
3 0.00085 1506.84 101.21] 4405.63] g.22 
N 
| | 
a-GH, N 
A/S 
GH, o N 
a8: —CH, (.000059 2139.75 3.2 | 2049.55, 99 
GH, ON 
6 0.00166 1620.47 | 83.90] 1556.42] 8.6 
CH, 
7] 0.coors | 3825.97 | 79.93 | 1505.00] 8.51 
s 0.00146 
CH, 
3 0.00022 1835.26 | 82.8 | 4752.4 9.18 aa. 
s 0 
0.00058 1825.81 | 83.77] 1742 9.15 
0-20108 


TABLE 1 (continucd) 


| Dipole 
oS Formula Prot Per Por moment 
Ze 

10 () 2 1350.9 93.8 | 1232.59 78 
[ 0.000425 
cH, 
11 |] Monomethylidynoxanine-betaine 
cH 1133.97 } 83.17 ] 1050.8 7.44 
[ J [ | 0.0019 
\ a 
CH, C,H, 
12 | 3-Ethylrhodanine 
H.C—Ss 0.00425 105.79 | 6249] 6360] 
J 5 0.01216 
4 
X 
CH, 
13 1-Ethyl-3,3-dimethyl-2-methy‘endo- & 
4 lenine CH,) 0.0137 86.46 60.02 25.44 1.13 
GH, 


The decrease in the dipole moments of the dyes on substitution of a benzthiazole (2) or quinoline (10) 
group for the thiazole (8) or pyridine (9), respectively, ls explained by the additional conjugation of the niuo- 
gen atom with the benzene ring, as a result of which there appears a moment which {s directed opposttely. 


The dipole moment of dye 7 gives a total degree of polarity dependent on conjugation of the nitrogen 
atom with the 3-ethy!rhodanine through a polymethylene chain, 


A comparison of the moments of dyes 6 and 7 shows the small role played by the sulfur atom of the hetero- 
group In the conjugation, 


However, the closeness of the values of the moments of these dyes could be due to other causes, The 
moment of the dyes with benzthlazcle (2) and benzoxazcle (3) groups differ materially, while the moments 
of the corresponding original bases are practically the same (1,45 and 1.47 D). 


tt ds interesting that these dyes also differ with respectto hypsochromlc shifts of the absorption maxima 
(4,7,8}. 


In the case of compound 11, f.e., of a dipole ion, a high dipole moment would be expected, As in cer- 
tain other cases, it appears that, although the moments of dipole lons are considerable, they are, nevertheless, 
less than the expected values, 


It is possible that elecuostatic attraction of the charges Inhibits thelr localization and promotes thelr 
maximum approach, 
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HYDROGENOLYSIS OF a-METHYL-a*-ETHYLSURAN OVER PLATINIZED CARBON 


Associate Member Acad, Scl, USSR N. I, Shutkin, 1. F. Belsky and Tyan Sin-Khua 


The investigation carrled out by us comparing the hydrogenolysis of sylvan over different catalysts [1) 
provided results important In a theoretical and practical regard, relative to the dependence of the type of hy- 
drogenolysis of the furan ring on the nature of the catlayst. In the vapor phase at 275° over pladnum, palla- 
dium, and copper-chromluin catalysts, the furan ring in sylvan was broken at the ether bond not adjacent to 
the side chain, which Iced to the formaidion of methy! propyl ketone, However, only the platinum catalyst 
displayed the faculty of selective hydrogenolysts of the furan ring at the 1,5-C—O bond without any side re- 


actions: 
My; : 


Over the palladium catalyst, even at a comparatively liigh temperature, the baste product of the hydrogenation 
of sylvan was tetrahyJrosylvan, and the yicld of ketone comprised not more than 25-30%, Coppes-chromium 
catalyst displayed little activity for the hydrogenation of sylvan in the vapor phase, In addition to unconverted 


sylvan and methyl propyl ketone, a material with a high boiling point was present in signiflcant amounts In the 
catalyzate, 


In conwast to all the other catalysts, Raney NI-Al catalyst possesses the specific attribute of promoting 
hydrogenolysts of the furan ring both by rupture of the 1,5-ether bond and by conjugated cleavage of the 1,5- 
and 4,5-bonds and also of the 1,5- and 3,4-bonds, In the latter case, ketones are formed containing 1 or 2 
carbon atoms per molecule less than the original alkylfuran, Pladnum and Raney anlckel-alum{num catalysts 
have the greatest value with respect to preparations, since the first possesses the ability to carry out the selective 
hyJrogenolysis of the furan ring only at the C—O bond not adjacent to the alkyl side chain, and the second dis- 
plays the singular abillty to carry out so-called “conjugated” hydrogenolysis [2]. 


In all cases, the Influence of the alkyl side chain causes the almost complete absence at the 1,2-C-O 
bond of the capacity to undergo hydrogenolysis, Therefore, it was of Interest to Investigate the comparative 


ability of C—O bonds under the influence of two alkyl groups differing in length of thelr carbon chains to under- 
go hydrogenolysis, 


a-Methyl-a*-cthylfuran was sclected as the object of the invesdgatton, 
Hydrogenolysts of uuls compound at the 1,2- and 1,5-bonds gives, respectively, 3-heptanone and 2-hep- 


tanone, as may be seen from the reaction scheme given below, 


1-2 bond rupt 


ul 


My 1-5 bond rupture 


a) 
CH,—CH Sw 
“O° 


Actually, hywrogenation of a-methyl-a*-ethylfuran in the vapor phase at 235° over pladntzed carbon 
led to the formaticn of 2-heptanene (36% yield) and 3-heptanone (Si% yield). n-Heptanc was present In con- 
siderably lower amount (~7%) In the catalyzate; possibly, its formation was a consequence of the simultancous 
hydrogenolysis of the furan ring at the 1,2- and 1,5-C—O bonds: 


1 and 1,5- bond rupture 
CH, —Cit,— CH, —CH,—CH,— CH,—CH, + 4,0 


The relative content of the ketones (2-heptanone and 3-heptanone) in the hydrogenolysts products leads to the 
conclusion that the ethyl group exhibits a greater stabilizing effect on the nelghboring C—O bond than the 
methyl group. 


EXPERIMENTAL 


The hydrogenation of a-methyl-a*-ethylfuran was carried out In the vapor phase at 235° over platinized 
carbon containing 157% of finely dispersed platinum, The starting material was fed to the reaction zone ata 
space rate of 0.1 hours“', a-Methyl-a’-cthylfuran was synthesized according to: 


Ni ann 
+N, 


Acetyladon of sylvan with acetic anhydride in the presence of Jodine or hydriodic acid was unsuccessful, al- 
though in the case of furan this method was completely satisfactory. Of two other catalysts Investigated by us 


(SnCl, and orthophospheric acid), the latter gave the highest and most consistent yields (up to 50% of theoreti- 
cal). 


In a flask, fitted with a mechanical stirrer and reflux condenser, was placed 2 moles of sylvan and 3 moles 
of acetic anhydride, The flasi: was cooled to 0°, and 10-15 g of orthiophosphorie acid was introduced, after 
which the reaction mixture was stirred for 30 minutes while cooling with ice, The flask was thea heated for 3 
hours on a water bath. The reaction mixture was washed with soda solution to a neutral reaction, and the pro- 
duct was extracted with ether and distilled under reduced ageapier™ The resulting a-methyl-a’-acctylfuran 
had the following properties: b.p. 68-69°/7 mm, dj? 1.0355 and nip 1.5090, 


The hydrazone, prepared by heating on a water bath a solution of a-methyl-a*-acetylfuran and hydra- 
zine hydrate {n ethyl alcohol, was carefully dried with calcium chloride, and decompoced {n the presence of 
anhydrous KOH and Ni/ALO, (3). The products of the decomposition of the hydrazone were washed with weak 
acetic acid solunon, and, after drying with calcium chloride, were “——— in a 40- — column, The average 


yield of a-methyl-a*-ethylfuran with a b.p, of 116-117°/750 mm, 4470,8937 and nb ) 1.4468 from several 
experiments was 


50 g of a-methyl-a*-ethylfuran was used for an experiment, There was obtained 48 g of catalyzate, 
which, after drying with potash, was distilled {n-a column, The following compounds were {solated from the 
catalyzate; 


I, n-Heptane, bp, 97-987/750 inm, dy 0.6852, 1.3894, 
Il, 3-Heptanone, b.p. 145-146,27755 mm, 0.8212, n™ 1.4112, Semicarbazone, mp. 101°, 
M1, 2-Heptanone, b.p, 150-150.27/755 mm, ry 0.8148, ny 1.4095, Semicarbazone, mp. 120°, 


The residue boiling above 150,2°, amounting to 3% of the welght of the catalyzate, had oD 1.4200, and 
probably was a mixture of 2- and 3-heptanones, . 


930 


: 
: 


Thus, as a result of this icvestigation Lt was establithed that over platintzed carbon, In the vapor phase, 
at 235°, the ring in a-methyl-a*-ethylfuran breaks oaly at the 1,2- and 1,5-C—O bonds with the formadoa of, 
correspondingly, 3-heptanone (54% yleld) and 2-heptancne (36% yield), and also of a small amount of n-hep- 
tane as a consequence of the s{muitancous rupture of both ether Unkages. 
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DEHYDROABIETIC AND PALUSTRIC ACIDS — COMPONENT PARTS OF THE 
OLEORESIN OF THE COMMON SPRUCE 


(PICEA EXCELSA LINK.) 


I, I. Bardyshev and Kh. A. Cherches 
(Presented by Academician B, A. Arbuzov, June 7, 1957) 
Levopimaric, dextropimaric and a-sapinic acids {1} have been found in the acld part of the oleoresin 
of the common spruce, and the presence of abletic acid was demonstrated comparatively recently (2). 


In the prseent investigation, it has been shown that dehydroabictic and palustric acids are also compo- 
nent parts of spruce oleorcsin, The presence of dehydroabictic acid in the oleoresin of Pinus palustris was shown 
previously by spectroscopic means (3}. Palustric acid has been found in the steoresin of Pinus palustris (4) and 


Pinus silvesuls 
EXPERIMENTAL 


The olcoresin was obtained by tapping a stand of spruce growing in the territory of White Russia, The 
resin acids were separated from the oleoresin by crystallizadon from alcohol. 


Isuladion of dehydroabletic acid, 105 g of the resin acids was neutralized with a warm (50°), 2% solu- 
uon of sodium hydroxide, After a day, a gelatinous precipitate of salts formed and was separated, and the resin 
acids (40 g) were recovered from the solution by means of boric acid. These acids were ueated with maleic 
anhydride at 130-150°, Resin acids aot reacting with malele anhydride, m.p. 150° (Figure 1, Curve 1), were 
converted to the ethanolamine salts which, after two recrystallizations from a mixture of ethyl acetate and al- 
cohol, had m.p. 160.5-162° and (a]p = + 47.9.° From the salts (2.2 g) was recovered dehydroabletc acid 
which, after five-fold recrystallizadion from alcohoi, had m.p. 171-171.5", (a) = + 61.5°. The specific ab- 
sorption coefficicut of the dehydroabictic acid was 2.4 at 268 my and 2,2 at 275 my (Figure 1, Curve 2). 


Found 80.28, 80.3; H 9.01, 9.3. 2,0. C 19.95; H 9.39. 
1 g of the acid required 187.1 mg KOH for neutralization. 


Calculated 186.7 mp KOH, 


Isolation of Palustric Acid, By washing an ethereal solution of the olcorcsin with 1% sodium hydroxice 
and decomposing the resulting salts with boric acid, the unchanged resin acids (170 g) were separated, In order 
to remove the levopitnaric acid, the carefully dried acids were weated at room temperature with twice-disull- 
ed maleic anhydride in solution in dry acetone, 58 g of acids not reacting with maleic anhydride, [a}p =¢ 60° 
(Figure 2, Curve 1) were converted to the ethanolamine salts, and the latter were recrystallized from alcohol. 
The first four fractions precipitating from a solution of the salts were again twice recrystallized from alcohol. 
The ethanolamine salts (4.9 g) were washed with ether, and were then converted to the bornylamine salts which 
were recrystallized from alcohol five Umes (Figure 2, Curve 2), After four-fold recrystallization from alcohol. 
the palustric acid regenerated from the bornylamine salt had m.p, 163-164" (a) p = + 10.6°, specific absorp- 
Mon coefficient 29.3 at 266 my (Figure 2, Curve 3), 


* The he specific rotation was determined for 1% alcoholic solutions of the acids, The srudy of the absorption spec 
tra was also cartiéd-ovt on alcoholic sotudens, 


N 


my 


Specific absorpuon 


coefficient 


Specific absorption coefficient 


Fig. 1, Ulua-violet absorption spectra; 1) resin 2 


acids not reacting with maleic anhydride at 150°; 

Fig. 2. Ultua-violet absorption spectra: 1) resin acids 
not reacting with malele anhydride at room temperature; 
2) bornylamine salts of palustric acid after three recrys- 
tallizations; 3) palustric acid. 


Found % € 79.28, 79.30; H 9.72, 9.70. CzHy,03. Calculated % C 79.42; H 10,00. 
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ON THE QUESTION OF THE SPECTRAL METHOD OF ESTABLISHING THE NUMBER 
AND POSITION OF THE SIDE CHAINS IN MOLECULES OF BENZENE HOMOLOGS 


O. V. Bragin, V. L. Broude, S. V. Zotova, A.L. Liberman, O. S, Pakhomova 
and M. A, Pryanishnikova 
(Presented by Academician B, A. Kazansky, May 24, 1957) 


In a previous communication (1), we showed that the ultraviolet absorption spectra, obtained at liquid 
nitrogen temperature (77°K), of crystals of benzene homologs are useful for the rapid determination of the 
number ang position of side chains in these hydrocarbons. The amount of material required for a determination 
{is very small, only a few hundredths of a gram. Absorption spectra obtained at Mquid nitrogen temperature are 


composed of a serles of narrow bands which are monotypic for identical disuibutlons of side chains and which 
are independent of thelr size and branching. 


If photographs of the spectra of compounds with the same type of substitution In the molecules are super- 
posed so that the first absorption bands, which correspond to purely electronic transidons, coincide, then all 
subsequent bands also coincide, In addiuon, the relative Intensities of the bands are also reproduced, Similar 
superposition {s impossible for compounds with different substitudons in the molecules. 


This was demonstrated for a large number of compounds of the monoalkylbenzene series and also for 
certain of the simplest representauves of the o- and p-dialkylbenzenes (1). 


In the present communication, we present further Information confirming this rule, 
The physical properties of the hydrocarbons investigated are presented in Table 1, 


Using 1,2,4-ulalkyltenzenes (Figure 1 A) and 1,2,3,5-tetcaalkylbenzencs (Figure 1B), it was shown that 
in these series identity of the type of spectra fs retained with an increase In the length of the side chains, Fur- 


ther, the similarity of the spectra of p-dilsopropylbenzene and p-xylene confirms that branching of both side 
chains fs not reflected In the spacing of the bands of the absorption spectra (Figure 1 C), 


It fs of particular Interest that the absorption spectra of hydrocarbons with the same distribudon of side 
chains retain this similarity even with the introduction Into the side chain of a double bond not conjugated 
with benzene ring, as may be seen from a comparison of the specua of ethyl- and propylmesitylenes with that 
of allylmesitylene (Figure 1B) and of the spectrum of toluene with that of 2-methyl-3-phenyl-1-propene 
(Figure 1D). A completely different picture appears when the double bond Is directly conjugated with the 
benzene ring, Thus, the absorption spectrum of 2-methyl-1-phenyl-1-propene fs continuous even at quid 


nitrogen temperature; the absorpuon intensity Ls significantly greater than Inthe specua of the other compound 
studied, 


The essential difference inthe structure cf the specua of alkyl- and alkenylmesitylenes (Figure 1B) and 
monoalkylbenzenes (Figure 1 D) should be noted; this permits {dentification of these molecules by spectroscopic 


means In spite of their identical symmettes (axis of symmetry of the second order and mutually perpendicular 
plancs of symmewy). 


In Table 2 are presented the frequencies of the purely electronic transition bands {n the spectra of the 
compounds investigated, 


: 
: 


TABLE 1 


Physical Properties of the HyJrocarbons Investigated 


- Hydrocarbon 


Structure 


B.p., “Cymim 
Hg 


-lene 


benzene 


phenyl-1- 
propene 


phenyl-1- 
propane 


936 


Pscudocumene 


Ethyl-p-xylene 


Ethylmesitylene 
n-Propylmesity- 


Allylmesitytene 


| p-Dilisopropyt- 


2-Methyl-3- 


2-Methyl-t- 


Purity 


—CH,—CH,—CH, 
y 


CHs 


CH,—CH—CHy 


a 
CH,—CH—CH, 
C,H,—Ct {,—C=C} 1; 


Hs 
C,H,—CH=C—CH, 


Hy 


79. 8—79 .9/ 
1338.5 


104.5/57 


100. 2/11.7 


105.5/16 


95.5/18.5 


76.3/27 


87.9/27 


EXPERIMENTAL 


— 


— 04310.8772 


—1{7.4 


.4900/0.85679 


— 


— 1.539910. 9022 


Not, det, 


Not, det. 


Not, det, 


Not, det. 


All hydrocarbons used in the investigauion were prepared by methods guaranteeing thelr production In a 


very pure state, Determination of the degree of purity of several of thein [2,3] by means of freezing curves 
and cryoscopic constants completely confirmed this, 


Pseudocumene, Prepared by diene condensation of acrolcin with Isoprene to give 1,3-dimethyl-4-formyl- 
1-cyclohexene, which was then converted by Kistiner® reduction through the hydrazone to 1,3.4-uimethyl-1- 
cyclohexene, Dehydrogenation of the latter over platinized carbon -“ pscudocumene, which was chromato- 
graphed over silica gel and distilled in a 40-plate column, 


° Wolff- Kishner reduction — Publisher, 


| CH, 
CH, 
: 
CH, 
99.3/20 |—12.4 0.8959 | 99.7 
| CH, 
CH; 
| 
J 
4N/N\ 
CHy 
| cm 
- 
. 


Fig. 1. Absorption spectra of crystals at a *emperature of 77°K: 1) pseudocumene; 
2) eihyl-p-xylene; 3) ethylmesitylene; 4) n-propylmesitylene; 5) allylmesitylene; 
6) p-xylene; 7) p-diisopropylbenzene; 8) toluene; 9) 2-methyl-3-phenyl-1-pro- 
pene, 


Ethyl-p-xylene. Obtained from very pure p-xylene prepared by repeated freezing and crystallization of 
the commiercial preparation, This was converted by brominauon to 2-bromo-p-xylene, which, by the reaction 
of p-xylylmagnesium bromide with diethyl sulfate, gave ethyl-p-xylene, The latter was chrornatographed over 
silica gel, distilled in a 40-plate column, and again chromatographed. 


Ethylmesitylene, Obtained from synthetic mesitylene, carefully purified by distillation and chromato- 
graphing, by conversoin of it to bromomeslitylene, and then by the action of dicthylsufate on mesitylmagnesfum 
bromide, The cthylmesitylene wes purified by recrystallization from ether at 60°C, chromatographing over 
silica gel, distillation in a $0-plate column, and a secend recrystallization, 


n-Propylmesitylene. Prepared in the same manner except that n-propyl p-toluene sulfonate was used fn 
place of diethyl sulfate, The n-propylmesityicne was purified by distillationin a 50-plate column, 


- p-Dilsopropylbenzene, Separated from technical diisopropylbenzene by conversion of the tsomerte dilso- 
propylbenzenes to the sulfonic acids and hydrolysis of the latter with stcam at a temperature of 100°C; under 
these condttions, the p-dilsopropylbenzene sulfonic acid is preferentially hydrolyzed, The p-dtisopropylbenzene 
was purified by crystallization from ether at a temperature of -GO°C and then by distillation in a 50-plate 
column, 


2-Methyl-3-phenyl-1-propene and 2-methyl-1-phenyl-1-propenc, Prepared from benzylmagnestum 
chloride and acetone Uuough dimethylbenzylcarbinol. From the latter, by dehydration under the influence of a 
few drops of sulfuric acid, was obtaincd a mixture of both methylphenylpropenes, which was separated by dis- 
Ulladion {n a 80-plate column. 


Allylmesitylene, Obtained in the same manner at ethylmesitylene except that allyl chloride was used in 
place of diethylsulfate., The allylmesitylene was purified by distiHation in a $0-plate column and recrystalliza- 
dion from ether. 


It should be noted that all disullations of the hydrocarbons were carried out under vacuum at the pressures 
indicated {n Table 1. 


: 
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TABLE 2 


Frequencies of Purely Electronic Transitions fn Soecura Obtained at — 190°C 


Expt. No. Hydrocarbon State of the sample Frequency, em=! 
t Pseudocumene Crystals of low temperature modification 36330 
2 Echyt-p-xylene Polycrystals of low temperature modification] 36360 
3 Ethylmesitylene Crystals of low® temperature modification 36000 
4 n-Propylmesitylene Polycrystals of high temperature modification] 36020 
5 Allylmesitylene Polycr ystals 36200 
6 p-Dllsoproz ylbenzene Crystals 36900 
1 2-Methyl-3-phenyl-1-propene Crystals $7140 


These results from the study of the spectra of seven hydrocarbons confirm the previously formed conclu- 
sion of the possibility of establishing the number of position of side chains in benzene homologs by a spectral 
method, and they also permit extensfon of this method to ui- and tewalkylbenzencs, 


We take this opportunity to express our deep appreciation to Associate Member of the Academy of Sctences 
UkrSSR A. F. Prikhotko and Academician B, A, Kazansky for their constant interest In the completion of the work. 
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ON CYANO-SUBSTITUTED DIALKYL PHOSPHITES 


Gilm Kamali, E. V. Kuznetsov and R. K. Valetdinov 


(Presented by Academician B, A, Arbuzov, June 6, 1957) 


Cyano-substituted acid esters of phosphorous acid have not been described In the Uterature up to the pre- 
sent, There {s no doubt that the inuoducuon of the cyano group Into the dialkyl phosphite molecule would 
sharply change its properties, For these reasons, we studied the Interaction of cquimolecular amounts of some 
a-cyanohydrins and phosphorus ufichloride, We thereby established that the reacdon proceeds with the forma- 
tion of a mixture of products, namely: a-cyanoalkyl- and di-a-cyanoalky!; hosphorous acid chlorides and wi- 


_ a-cyanoalkyl phosphites, The formation of these substances is explainable on the basts of the following serles 
of successively occurring reactions: 


R’ R’ 
R—¢— OH + PCh R—C— HCI 
N N 
R’ R’ 
2R—¢—OPCh, = PCI +- 
N N 
paz(r—d—o 
CN dn dy 
R’ R’ R’ 
r—¢—o) pa+r—d— orci, = [r—t—o 
N N N 


The most interesung thing In this complex reacdon scheme Is that the wi-a-cyanoalkylphosphites which ere 
formed do not undergo conversion to di-a-cyanoalkylphosphorous acids according to the well-known Arbuzov 
rearrangement, even under such rigorous conditions as high temperature, high concentradons of reagents, and 
uncombined hyJrogen chloride {1}. By repeated fractional distillauons of the products from reaction mixtures 
obtained by the Interaction of a-cyanohydrins and phosphorus uichloride, we were able to fsolate the a-cyano- 
substituted phosphites and their acid chlorides shown In Table 1, 


The fsolated a-cyanoalkyl- and di-a-cyanoalkylphorphorous acid chlorides are colorless liquids which 
fume moist alr, 


Further, we studied the hydrolysis of the di-a-cyanoalkylphosphorous acid chlorides under varlous con- 
didons, Asa result of these experiments, it was established that hydrolysis of the acid chlorides with the ac- 
curately calculated amount of water, in an ether medium, and fn the presence of pyridine proceeds with the 
formativn of cyano-sutsututed acid esters of phosphorous acid according tos 


— 
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TABLE 1. 


Formula 


B.p., °C/mm 
Hg 


CH, — CHO PCy 


(CH, — CHO), PCI 


CH, — CH,CHOPCI, 


(CH, — CH, — CHO), PO 


(CH, — CH, — CHO), P 


CH, -- CH — CHO PC, 


(CH, — CH — CHO), PCt 
H, 
(CH, — CH — CHO), P 
H, 
CH,CH, — CH, — CHO PC, 


(CH, — CH, CH, CHO), P 


CH, — CH CH, — Pa 
H, CN 


(CH, — CH — CHy CHO), P 
CH, 


(CH, — CH, — CH, — CHO), PC! 


(CH, — CH — CH, — CHO), PCI 


67-€8,18 
140—142,10 


78—80/11 
139—140/11 


18—73.8 
1$2—155/11 


162—-164/2 


83—84/3 


127-123; 


163-164 /2 


92-04/10 


138-140/3 


1€8—169,2 


95—96)10 


18 


142—185,2 


124—125)10 


203-207/10 


1.2568 


4.1470 


1.2410 
1.1089 
1.0475 


1.2205 


1.2020 
1.0603 


1.0133 


M.p. 75° 


1.4800 40.73 41.05 


1.4612 86.16 


1.4780 415% 45.60 


1.4620 64.68 65.09 
1.4545 83.99 $4.14 
1.4765 4 $5.90 


1,6550 97.85 06.24 


; 
MRD 
‘ D 
cale, | found 
4.4846 | 1.4575 48.28 47.2 
(CH, — Pp 4.4183 | 4.4470 88.29 $7.85 
— OPC 1.2700 | 4.4773 6.78 4.20 
dn Js 
CH,” 
. 
dn 
4.4176 | 1.4690 64.58 64.71 
| dn 
dn 
4.4770 49.93 50.29 
1.4623 | 73.81 13.04 
dn 
Js 
| 
940 


R’ R’ 
PCI 4+ CHAN — POH + C,H,N-HCI. 
bn a CN 3 


1-cyanoalkylphosphorous acids shown in Table 2 were obtained by this route. The di-a-cyanoalkyt- 
ous acids isolated by us are colorless Hquids with a mild odor. In contrast to ordinary di-alkylphos- 
acids, the dicyano-subsuituted acids behave Uke derivatives of trivalent phosphorus, 


B.p., "C/mm 
Formula Hg 


(CH, — CHO), POH 412-—115/0.2 


118-120'9.2 


CH, —CH — CHO 
(CH, — CH, — CH,CtiO), POH 134—135;0.2 

N 
(CH, CH — POH 4133—135;0 1 
CH, CN 
CICH, — 
4 
cH, — CO 
“4 
CH, CN 


) POH 
3 


415—117;0,5 


he characterisdc evolution of heat was observed on mixing equimolar amounts of a dl-a-cyano- 
rosphite with cuprous chloride, On heating further to 115°, the cuprous chloride dissolved completely, 
lassy, nonctystalline mass was formed, 


hese acids react with phenyl azide with the Ifberation of nitrogen, Thus, for example, a slight Mbera- 
nitrogen bubbles was noted during the reaction of 1.43 g of di-a-cyanolsopropyl phosphite with 0.70 g 
yl azide in ether solution, After four days, crystals appeared In the form of long needles, The crystals 
en filtered and dried, M.p, 87°, On the basis of an analysis for nitrogen end phosphorus, the substance 
following structure: 


CH,7% 


OH n 


CH, CHs 
( 64 P NHC,H,. 


Id be noted here that di-a-cyanoalky! phosphites containing secondary radicals react much more vigo- 
with phenyl azide with the Uberation of nitrogen, 


‘n 1950, studying the scructure of phosphorous acid and its esters, A. E, Arbuzov came to the conclustoa 
1 of the neutral esters are built around ulvalent phosphorus, while phosphorous acid itself and {ts acid 
zontain pentavalent phosphorus (2), At that time, A. E. Arbuzov expressed the opinion that {t Is possible 
vosphorous acid and {ts acid esters exist In tautomeric forms, 


“Dp 
cale. | found 
1.1605 | 1.4400 41.76 42.4 
cH 
) POH 41123 | 1.4420 51.35 
1.0366 | 1.4486 61.08 0.2 
| 4.6508 702 69.45 
2068 | 1.4622 45.43 67 
94h 


ROY H RO 


Stucture I, in his opinion, fs the free form of phosphorous acid, In solutions, ft can exist {n tautomeric form 


= 
IL The physicochemical Investigations [4-6] of his later brilliant years confirmed the conclusion formed 
half a century ago by A. E, Arbuzov as to the pentavalence of phosphorus in acid esters of phosphorous acid i 
and the probability of their tautomerism, 
The chemical properues of di-a-cyanoalkyl phosphites indicate thet the tautomeric equilibrium Ls shifted 
in the direction of the wivalent phosphorus form. Thus, the state of the tautomeric equilibrium of acid esters 


of phosshoric acid, as previously pointed out by M. Kabachnik [7], also depends on the nature of the radicals, 
The presence of di-a-cyanoalkyl radicals in the acid esters of phosphorous acid studied by us promotes the 
shift of the tautomeric equilibsium In the direction of the utvalent phosphorus form, 


It was further established by us that di-a-cyanoalkylphosphorovs acids with secondary cyano-con- 
taining radicals also exhibit the properties of mixed esters of phosphorous acid, On heating, they readily under- - 
go intermolecular rearrangement, exchanging an hydroxyl group for the corresponding radical; 


2(R — CHO);POH-+(R — CHO), P +- CHOPO,H;. 


However, di-a-cyanolsopropylphosphorous acid, which contains a tertiary radical, to all intents and purposes 
does not exhibit this property. 
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THE STRUCTURE OF 9-AMINOACRIDINE ACCORDING TO SPECTRAL DATA 


A.V. Karyakin and A. V. Shablya 
(Presented by Academ'cian A, N, Terenin, May 22, 1957) 


In a previous paper [1], an acridone-imine form was proposed for 9-aminoacridine on the basis of a study 
of the absorpuon of solutions of aminoacridines and of a serles of derivatives of acridine in the visible and ul- 


taviolet regions of the spectrum as well as fn the near Infrared region, 


However, papers were recently published In which, on the basis of measurements of dipole moments [2) 
and on the basis of a study of infrared absorption spectra in the region of the fundamental frequenctes of the 
NH group [3], the amine structure for 9-aminoacridine was defended, 


—— 3440 


3920 


Fig. 1. Infrared absorption spectra of CCl, solutions 
in the region 3400-3500 cm™; 1) 9-aminoanthra- 
cene; 2) 2-aminoacridine; 3) 9-aminoacridine; 4) 
acridone; 5) acridan, 


‘The aim of the present work was a detailed study 
of the infrared absorption spectra of aminoacridines and 
a series of acridine derivatves in the region of the funde- 
mental and deformation frequencies of the NH group. 


The measurements of the infrared absorption spec- 
tra of CCl, solutions (concentrations of the order of 10°*— 
10°§ mole/liter and cell thickness of 30 mm) in the 
region of the fundamental frequencies of the NH group 
were carried out with an IKS-11 infraced spectrometer 
with an LIF prism. 


The infrared absorption spectra in the region of the 
deformation frequencies of the NH group were measured 
with the same spectrometer but with an NaCl prism, In 
this casc, the measurements were carried out on tin films 
(5-20 y thickness) sublimed at —180° under vacuum bya | 
method developed in our laboratory [4]. Analogous re- 
sults were obtained using the method involving pressing 
discs of KI mixed with the substance to be Investigated, 
the pressing being carrled out under vacuum, These 
methods permit complete elimination of absorption bands 
of the solvent, which are very intense in the region of the 
spectrum involved, The absorption spectra of CCl, solu- 
tions of aminoacridines and of the series of other com- 
pounds are presented in Figure 1, and the frequencies ob- 
tained are given in Table 1, On inspection of the figure 
and table, it is seen that 1- and 2- aminoacridines have 
two narrow absorption bands with frequencies of 3410 and 
3485 cm", which are usually assigned to the symmettcal 
and andsymmetical vibrations of the NH, group, These 
valucs agree well with the frequencies of 9-aminoanthra- 
cene, 


ol 
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TABLE 1 


Atsorption Bands of the NH Groups of Aminoacridines In the 3400-3500 cm™ Region 


Compound 


Structiire 


>*NH 


>NH.cm™ — NH.cm 


1-Aminoacridine 


2-Aminoacridine 


9-Aminoanthracene 


9-Aminoacridine 


Acridone 


Acridan 


is Jaa a heterocyclic ring. 


3415, 3485 


In the spectrum of 9-amlroacridine there are also two narrow bands, but with different frequencies — 
3440 and 3520 cm! which differ from the values given above for the frequency of the NH group. 


One of the frequencies of 9-aminoacridine, that at 3440 em”, agrees with the frequency of a band for 
acridone and acridan, which must be ascribed to the vibration frequency of the group > NH, where the nitrogen 


Consequently, this frequency (3440 cm!) in 9-aminoacridine must also be assigned to the vibration of 
the > NH group; f.e., the presence of the acridone-amine tautomerism I must be assumed, Moreover, this fre- 
quency, 3440 cm", agrees precisely with the vibration frequency which Is observed in the acridine fon (acri- 
dine hydrochloride in CHC1,), Therefore, the frequency 3440 cm! must be ascribed to vibeations of the =* NH 
group, where the nitrogen of the heterocyclic ring 1s tewavalent and positively charged, 


If the internally fonized structure If of 9-aminoacridine is assumed, it {s possible to explain the decrease 
in the frequency of vibradors of the 2 NH group (3440 cm“) in comparison with secondary amines (3460 em“) 
(3) and the NH group of pyrrole and indole (3490 cm“) [5) as being due to the positively charged nitrogen, 


| | | | 
My 
3410, 3485] — 
: N 
& NH, 
N 
| 
| OOO 340 | 3520 
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Analogously, the second band with a frequency of vibradon of 3520 cm”, which Is significantly greater than 


for die amine group (3400-3200 em”) (6}, must be ascribed to vibrauions of the NH group with negadvely 
charged divalent niuogen. 


It should be noted that the presence of the Internally fonized structure in the molecule of 9-aminocridine 
preserves the conjugation of the benzene ring with the hetcrocyclic ring, which, as 1s known, Is encrgy 
savored, while in the simple acridoncimine structure conjugation fs disrupied, 


The Internally fonized structure also occurs In acridone Ul. 


This is confirmed by the fact that In acridone the frequency of the carbonyl group (1640 cm™*) {s significantly 
lower than in anthraquinone (1675-1690 cm~!) [7] but agrees well with the value of the frequency In amides; . 


(1650-1740 cm”), which fs explained by their internally lonized type of structure (6,7} 
NHg NHg 


The existence of an Internally fonlzed structure in 9-aminoacridine and acridone {Is confirmed by a study 
of solid films of these substances In the region of the fundamental vibrational frequencies of the NH group. 9- 
aminoacridine and acridone, in contrast to all other aminoacridines and acridan, exhibit a very strong Inter- 


molecular inter. -tion leading to a considerable shift of the aeoynen' band of the NII group toward the long 
wave length region and to considerable diffusion of the bands, 


The assumption of an acridone-imine Intemally lonized structure for 9-aminoacridine ts additionally 
confirmed by a study of the absorption spectra In the region from 1709 to 700 cm™!, which fs presented In Fig- 
ure 2, The frequencies of certain bands are presented in Table 2, 


On examination of the specua and the data of Table 2, it {s seen that 1- and 2-aminoacridine and 9- 
am{noanthracenc have a single absorption band with a frequency of 1640-1650 cm”, which {s ascribed to the 
deformation vibration of the NH group, while 9-aminoacridine has two absorption bands with frequencics of 
1650 and 1570 cm*, " the absorption specwa of acridone and acridan there {s a single absorption band with a 
frequency ri 1570 cm™!, which agrecs with one of the bands of 9-aminoacridine, Consequently, this frequency 


(1570 cm™ ty must be connected with deformation vibrations of the =*NH group, where the nitrogen {s In a hetero- 
cyclic ring. 


The second band of 9-aminoacridine with a frequency of 1650 ‘ea*t must be ascribed to an imine group 


(deformation vibration of the ~N—H group), and not to an amine group fn spite of the agreement of thelr fre- 
quencies, 


Moreover, in the infrared absorption spectra of 9-aminoacridine, acridone, methylacridone, and acridan 
there {s present a band with a frequency of 1280 cm™ which Is absent from the spectra of all remaining amino- 


acridines and acridine, This band must be ascribed to some vibrauion of the heterocyclic ring with a substituent 
at the nivrogen (H, CH;). 


In the absorotion spectrum of 9-amtinoacridine iu the region from 1500 to 700 cm there was observed 
an additional distinction from the other aminoacridincs which is difficult to interpret, 
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TABLE 2 
Absorption Bands of Aminoacridines In the 1700-700 em Region 


em' 


t-Aminoacridine 
2-Aminoacridine 1640 
9-Ariinoanthracene 1650 


{560 
1530 | 1490 | 1450} — 
156) 1490 | 1460} — 


| 
= 


9-Aminoacridine 


_ _— 1610 1570 1520 | 1490 | 1460 | 1280 
peeves _ — | 1615] 1580 | 1500] 1490] — | 1280 
1640 | 1599 1570 |} 14480], — 1280 
Acridone 163011590] — | 4500] 4460] — 42580 
Methylacridone 


AA 
A 


1700 00 100 (00 (00 Wid U0 
¥om™ 


Absorption 


Fig. 2. Infrared absorption spectra of films sublimed under vacuum: I) 1-am{noacri- 
dine; Il) 2-aminoacridine; II) 9-aminoacridine; IV) acridone; V) acridan, 


Thus, the spectroscopic data in the infrared regten additionally confirms the orlginal conclusion of the 
structure of 9-aminoacridine as an acridoae-{mine with an internally fontzed structure [1]. L. V. Levshin and 


A.P. Khovansky, during an Investigation of the luminescence spectra of am{noacridines in media of varlous 
pH (8), came to the same conclusfon, 


An attempt to detect a similar phenomenon for aminopyridincs was unsuccessful, The absorption spectra 
of a-, B-, and y -aminopyridines both in the region of vaicnce vibrations and of deformation vibrations of the 


NH group differed Utde from each other, and the value of the frequency of the absorption bands agree with 
Uterature data £9}, 


Consequently, it must be considered that the spectral study of aminopyridines does not indicate the pre- 
sence of tautomerism in them, 


In all probability, analogous conclusions can be made for the amlnoquinolines on analysis of the spectral 
data In the Uterature [ 9}. 


' 
{ 
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INDIVIDUAL AROMATIC HYDROCARBONS IN THE GASOLINE FRACTIONS OF 
SAKHALIN PETROLEUMS 


N. E. Podkletnov 
- (Presented by Academician A, V. Topchiev, June 14, 1957) 


Owing to their genetic peculiarities and unusual chemical composition, which ts parucularly character- 
ized by a high content of light aromatic hydrocarbons (1), Sakhalin petrolcums are Interesung objects for In- 
vestigation. 


In the present communication are presented the results of determinations of the individual aromatic hy- 
drocarbons contained in the gasoline fractions, boiling in the range from the Initial bolling point to 175”, taken 
from petroleums fiom three commatclal formations of northeastern Sakhalin, namely; Eastern Ekhabi (horizon 
29), Ekhabi (horizon XIX), and Paromaya (herizon V), Thus, petroleums of two of the three genetic types dis- 
Ungulshed for Sakhalin production [2] were selected for the investigation. 


The investigation was carried out according to the scheme used by A. V. Topchiev and coworkers during 
a study of the petroleum of Nebit-Dag [3]. 


Separation of the aromatic hydrocarbons was carried cut by chromatographing over silica gel (granule 
size 100-200 mesh, activity with respect to benzene up to 14 ml), In accordance with the recommendations of 
G.S, Landsberg and B, A, Kazansky (4). 


The separated aromatic hydrocarbons were subjected to precise fractionation in a 50-plate column with 
Levin packing and investigated by means of Raman spectra; the dispersion method was used to determine the 
amount of naphtheric hydrocarbons entrained during the single-pass chromatographing. 


The majority of the Raman spectra of ind:vidual hydrocarbons with which the spectra of the fractions 
were compared were taken from the werk of G, S, Landsberg and coworkers (5). 


Values for the specific dispersions of individual aromatic hydrocarbons were taken from the Uterature (6). 
The dispersions of the fractions studied were determined at 20° with the ald of an Abbe refractometer fitted 
with an ultrathermostat, 


The results obtained are presented {n Table 1, 


It was found that the gasoline distillates bolling to 175° contained 9,6-4% aromatic hydrocarbons {n the % 
case of Eastern Ekhabi peuoleum, 9.55% for Ekhabi petroleurn, and 13,437, for Paromaya. : 


In all, 14 hydrocarbons were identified in each petroleum, and all of these were present In measurable 
amounts, Additionally, 4 groups of hydrocarbons, characterized by type of alkyl substitution (7}, were found, 


Spectral analysis confirmed the absence in the fsolated fractions of aromatic® and unsaturated hydrocar- 
bons, 


These results (as do the data on seventeen petroleums of the Sovict Union (8) indicate a considerable 
nonuniformity in the contents of individual aromatic hydrocarbons and a significant predominance of mono- 
and disubstituted benzenes, 


In the case of Eastern Ekhabl peroleum, five hydrocarbons comprised 68.6% of the total of the aromatic 
hydrocarbons {solated, 67.6% In the case of Ekhabl, and 72.0% in the case of Paromaya, 


* Translated from orlginal Publisher, 
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TABLE 1 


Aromade Hydrocarbons of the 175° Point Gasolines from Eastern Ekhabi, Ekhabl, and Paromaya Pewroleums 


Content, wt. % 


of total aromatics 


of 175° e.p. gasoline 


Hydrocarbon 


castern 
Ekhabi 


castern 


Parome 
aya 


Tol 25. 22.4] 2.4 2 
8.9] 7.2] 9.0| 0.85 | 0.67 | 1.23 
2.9] 39] 0.23] 0.33 | 0.58 
11.4] 11.9 | 18.7] 1.09 ] 1.14 | 2.55 
5.4] 4.7] 7.8] 0.52] 0.45 | 4 08 
Total CgHy 28 6 | 27.7 | 39.7 | 2.74 | 2 64 | 5 40 
28] 21] 0.30] 0.25 | 0.20 
pibenzene 
4.9] 2.6] 2.6] 0.48 | 0.25 | 0.36 
p-Ethyltoluene None {None | 0.5 |None |None | 0.07 
1,3,5-Trimethylbenzene : "pe 
12°4-TrimethyIbenzene 8.8] 11.4] 2.51085 | 1.09 | 0.33 
1,2,3-Trimethylbenzene 2.0 2.6 07} 0.19 | 0.25 | 0.10 


Total 


Total monosubstituted 


0.7] 1.7] 0.4} 0.09101 

Sorat 1.3] 1.7 |None 0 13 | 0.17 None 
Total 1,2-substituted 1.3] 26] 4.7 | 0.13 | 6.25 | 0 62 

Among them 

Without substituents 14.4| 10.5 | 13.2] 1.39 | 4.00 | 4.80 
With 1 substituent 37:1] 38.0 23.6 | 3.68 | | 4:60 
With 6 | 32.2] 41.0] 3.15 | 3.11 | 5: 

15.2 | 19.2 | 12:2] 146] 1.83 | 1.52 


Using chromatography, precise fracdonation,Raman spectra, and dispersions, we were able to establish 
the qualitadve and quantitative contents of Individual aromatic hydrocarbons In the 175° end point gasolines 
from the pewoleurns of Eastem Ekhabi (9%p of the aromatics present), Ekhabl (90.4%), and Paromaya (94.2%). 


We express our appreciation to V, T. Alcksanyan and Kh, E, Sterin for carrying out the Raman spectra 
invesdgations, 
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PROPERTIES OF TERNARY ALLOYS OF TITANIUM, CHROMIUM, and ZIRCONIUM 
DIBORIDES 


KF. Portnot and G. V. Samsonov® 


(Presented by Academician A, A. Bochvar, June 18, 1957) 


Borides of the refractory rare metals, which are disdngulshed by hign hardness, durabillty, and oxidation 
resistance in various active chemical media, are of considerable interest in present-day techniques Involving 
Kigh mechanical loading at clevated temperatures, Especially important in the study of the properties of alloys 

~ Of borides are systems in which,as fa systems of other metallold compounds (carbides, nitrides), extremes of pro- 
pe-tles — hardness, clectrical resistance, etc. — can be expected, Up to the present time, the results of Investiga- 
dons of a series of binary diboride systems, TiBy— (1,2), TiB,—CrBz, 3), etc., have been pub- 
lished, 


However, there are almost no data on the properties of ternary boride alloys, including such technically 
promising borides as those of titenium, zirconium and chromium, In connecucn with this, the problem of the 
present work was the invesu gation of certein propertcs of alloys of the diborides of titanium, zirconium, and 

chromium located in the radial section TiBy—CrBy (50; 50 mole %) — ZrBy. 


From. pubUshed data [1-3], it fs known that titanium and chromium borides and also dtanium and zir- 
conium borides form continuous series of solid solutions, while chromium and zirconium borides dissolve fa 
each other to a limited extent (at 2000°): up to 20 mole % ZrBy in CrB; and up to § mole %CrBy in ZrBg, There- 
fore, it was of interest to follow, at the same time, the change in the solubility of CrB, in the solid solution 
TiBy—ZrBy in comparison with Lts Umited solubility in ZrBg and its unlimited solubility in T1533, and vice versa, 


The method of sintering and hot pressing was used to prepare the alloy samples, this permitting the pre- 

' paration of quite dense, compact samples from Inelastic, brittle compounds of the boride type, The sintering 
was carried out In graphite press molds; an investigation of sintering conditions was carrled out {a the tempera- 
ture Interval from 2100 to 2550°, the pressure range from 60 to 330 kg/sq. cm., and a soaking range from 0.5 - 
to 5 minutes, 


The presence of a minimum In the curve of optimum sintering temperatures was established at 40-50 
mole % ZrBz, which Indicates the absence of a continuous serics of solid solutions {n the system and the presence 
of a more complex type of structural diagram, 


* In order to relieve Internal suesses after sintering with hot pressing and also to fix the phase state of the 
alloys, the alloys were subjected to tempering under vacuum at temperatures of 1900, 1500, and 1100° with 
subsequent rapid quenching to room temperature, The tempercd samples were tnvesdgated by x-ray, metallo- 
graphic, and microhardness methods, 


Photographs of microsections of a serics of alloys, tempered and quenched from 1900°, are presented fn 
Figure 1, The alloys are single phase up to 40-50% ZrB,; beginging with 50-60% ZrB3, a second phase appears, 
which {s vistole én the section of the alloy with 60 mole % ZrBg as rather fine components and tn the sections 
of the alloy with 80% ZrB, as coarse inclusions, 


Measurement of the microhardness of the phascs revealed the presence of a maximum microhardness of 
3900 kg/sq. mm at 20 mole % ZrBg, after which the microhardness of the basic phase followed the Unear course 
(2800kg/sa, mm), The hardness of the second phase can be measured with s. ‘ficient reliability only beginning 


* K.1, Frolova and G, V. Moskalik participated In the experimental part of the work, 
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with 70 mole % 2:8, in the alloys; It increases fom 1900 for ZrBz to 2100 kg/sq. mm for soluttcns of the 


deible boride (TL, in it. 


\ 


Fig. 1. Microstructures of the alloys (Ti, CrBy- 
(500%). a) 100% (TL, Cr)3,; b) 100% ZrB,; 
c) (Ti, CrBy + 10% ZrBy; d) (TL, Cr)3g + 60% 


X-ray investigation of the alloys, carrled out by the Debye method with the usual camera with a dia- 
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Fig. 2, Change in latdce periods of the alloys (Ti, 
ZrB; in relation to composidon, 
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Fig. 3, Microbrittleness of the TiB, and CrB, phases and 
of the (Ti, Cr}3; solid solution, 


meter of 54.7 mm, showed (Figure 2) that there was an increase in the latdce constant of the basic (Ti, Cr)B3 
phase with an Increase in 2B; content of the alloys up to 40 mole %, after which the lattice constant of the 
solid solution of 2B, in (Ti, Cr}, remains practically ceastant, and, beginning at 60 mole % Z:B;, zirconium 
boride is observed ta the x-ray pictures, or, more accurately, a solid solution of (Ti, Cr}33 in ZB, with a Jat 
tice period somewhat less than that of pure 2B. Determination of the electrical resistance of the alloys showed 
the presence of a low maximum at 10 mole % ZrB; in the alloy with (Ti, Cr)83. The specific electrical resist- 
ance of ZrB3 (T1, Cr)3, is 10.8 and 18.8 yQ/cm, respectively. 


Thus, it can be assumed that at 1900 the solubility of 213, in (Ti, CryB3 fs of the order of 40 mole %, 
and the solubility of (Ti, Cry in ZrB, is less than 10 mole %, whence, since the atomic radius of zirconium ‘ 
{s greater than the atomic radif of dtanium aad chromium, the Increase in the constant during the formation 
ef the first of these solutions indicates a substitutional, solution and an {interstitial solution in the case of the 


second, 


conotinucus series of solid solutions, 


The Umited solubility of Zr2, in the double boride (T1, Cr)3, conforms to established rules, but it in- 
creases, nevertheless, to 40 mole %, which can. be expleined by the effect of TiBs which forms with a 


The alloys investigated are interesting in the respect that one of the components (Z:B,) has a solubility 
in the ciher ((T1i, Cr)3,_ which changes Utue with temperature in the brodd Interval fron 1100 to 1900°, 


Consequeutly, according to the principles of the srructure of heat-resisting alloys [4;, tor an alloy with a 
content somewhat greater than 40% it may be expected “hat the excess Joride will separate in 
the form of a finely dispersed componcn* along the grain boundarles, surviving at high temperatures and pro- 
viding for resistance of the entire alloy toward creep, In addition, the basic component of the alloy — the solid 


solution of (Ti, CrBy — Ls formed according to the principle of alloying of the more corrotlon-resistant, but 


A 
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also more brittle, titanium beride with the less beittle chromium boride (5,6}, as a comparison of the micro- 
brittleness of these three phases (Figure 3) shows, 


SUMMARY 


The solubility of ZrB, in (Ti, Cr, fs about 40 mole %, and that of Cr)3, fs less than 10 mole 
%. The range of solubillty of ZrB, in CrB, increases on dissolving ZrB, {n the double boride (Ti, Cr}33, with 
one of the components of which (T1B3) the zirconium boride forms a continuous serles of solid solutions, 


In the single phase region of a solid solution of ZrBy in (Ti, Cr)33 In samples quenched from 1900°, there 
{s a maximum fn the microhardness of 3900 kg /sq. mm (at 20 mole % ZrB3) and inthe elecuical resistance 
(216 pQ/cm at 10 mole % Z:B,), 
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NEW DATA ON THE POLYMORPHISM OF SODIUM CARBONATE ® 


A.N. Khiapova 
(Presented by Academician I, I, Chernyacv, June 10, 1957) 


Jaffray and Martin (1), using thermographic, dilatomcetuic, and electrical conductivity methods, establish- 
ed that anhydrous sodium carbonate undergoes two polymorphic transformations — at 360 and 480°, According 
to X-ray analytical data, the crystalline structure of Na,CO, changes only at 430°; at 360°, the authors did not 


observe a change of structure, 


| 


||| [ 


a 
sin’g ——--— 


Fig. 1. Graphical plot of powder patterns of anhydrou- ¢xdium 
carbonate; a) a-Naz,CO,j, low-temperature modifications; 
pattern obtained at room temperature; b) 8 -NazCO, at 350°; 
c) y -NazCOy, at 500°; d) 5 -NazCO,y, at 566°. 


E. &, Kovaleva partictpated In the exper{mental work. 


‘ 
| 
| 
| 
| 
| 
| 
| 
8 
a 
‘ b 
2 
| 
f ‘4 
2 
d | 
2 
| 
957 


’ 


Fig. 2. Reproductions of x-ray powder patterns of the four modifications of anhydsous sodium 
"carbonate; a) a-Na,CO;; x-ray picture obtained at room temperature in the usual cylindrical 
X-ray camera; sample annealed first at 120° for 22 hours and then at 2Co* for 173 hours; b) 
a-Na,COj; pattern obtained atroom temperature in a high-temperature camera with tie sample 
after exposure at 566°; c) 3 -NazCO,; pattern obtained at 350°; d) y -NazCO, at 500°; e) -Na,CO, 
at 566°. 


A. I, Lazareva [2] also noted exothermic effects on differential heating curves corresponding to phase 
trarsidons at 340-350 and 470-475", 


We cartied out an x-ray and thermographic study 
Amant: of the polymorphic transformations of anhydrous sodium 
Phase State Of NaCO, at Varicus Temperatures carbonate in relation to temperature and the previous 
According to Data from X-ray Analysis history of the sample, 


Baker's analyzed sodium carbonate having the 
| composition 99.78 % Na,CO, was used for the investiga- 


tion, 


The x-ray analysis was carried out by the powder 
3 method using a cylindrical camera specially adapted for 
& obtaining x-ray photographs at various temperatures, 
The construction of this camera and the method of in- 
vestigation have been described by V.G. Kuznetsov (3), 
Befcre the photographs were taken, the original NazCO; was melted ina platinum crucible at a furnace tem- 
perature of 860-880°, The remelted sodiu:n carbonate was ground in an agate mortar to a grain size of zonruxi- 
mately 1074-1078 cm, The material was then placed in an open tin-walled quartz capillary with a diameter 
of 0.5-0.1 mm, Before the exposure, the sait was held for 45-60 ininutes at the predetermined temperature, 
after which the expOsure was made on the rotating sample using unfiltered fron radiation and an exposure ume 
of 3-4 hours, The powder patterns were successively obtained on the same sample at temperatures of room tem- 
perature, 80, 102, 122, 164, 2C4, 244, 350, 492, 450, 500, and 566°, and again at room temperature, The sample 
wos heated e2ch Ume from rooin temperature to the giver temperature, The results odtained are presented in 
Tables 1 and 2 and tn Figures 1 and 2, and diey show that Na,COy, in the temperature range from room tempera- 
ture to fusion, exists not in twd crystalline forms, as has previcusly been considered, but in four with a structure 
characteristic for each phase, namely: a = NazCO,, low temperature modification (figures 1a and 2a); g = Na,zCO,, 
the form existing above 350° (Figures 1b and 2c); y = NayCOy, above 485° (Figures 1c and 24; and § = Na;COy, 
above 566° (Figures 1d and 2c), 


These results are in agreement with the data from a therniographic favesti gation, which Is discussed be- 
low. 


The differendal thermal analysts was carried out with an N, S, Kurnakov pyrometer, Platinum—plad- 
pum-thodium thermocouples were used, The circuit resistance of the simple thermocouple was 17,000 ohms, 
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and that of the differential thermocouple was 1,000 ohms, The standard for tie differential record was cal- 
cined Al,0,. Heating curves were recorded for NayCO, samples having different histories, 


TABLE 2 


Vatlucs of the Jnterplanar Distances (d) and of the Relauve Intensities (I) of the X-ray 
Lines of the a-, B-, y~, and &-Modifications of Na,CO, 


| p-Na,CO, | y-Ns,CO,| 8-Na,CO, |] 2-Na,CO,° 3-N1,CO,] ¥-N3,CO, | 8-Na,CO, 
Roorn tem- Room tem- 
¢ Jam] 7 [ass] 5 ats 4 1.46] 3 } 1.04 
; 3.7%) 6 13.09) & | 
3° 9 2.65] @ | 290] 2 | 3.57 4 4,354 tr 1.205 Dif. 
2 a fase] 7 2 2 | 4.052 
7 a $ 9 206 Diff, 
Db | 203 § 2 2.49 4 4.689 
S 8-12.95 2 4.224 6 | 8.061 
6 5 7 4 1.5) 2 | 0.99% 
7 1.07 3 | 4 [4.510] | 9.72 3 1.055) | 0.990 
Diff, 3 1.007 
4 1.58 9.365 2 1.63 2 1.070 
Diff. 
2 | 1.71 -5 | 1.53 1.20) 3 3 
6 0.70) if os [ast Diff. 
Diff. 2 1.035 
&Db [4-57] 5 | 1 4.28 ib | 0. 
0.973 


* Annealed at 200°, 7 days. 


Fig. 3, Heating curves of Na,CO, after: a) remelung the salt; b) storage for about 
a year in a Jar with a ground glass stopper; c) storage for more than a year in ale 


under laboratory conditions; cwing to absorption of molsture from the alr, the NayCO, 
was converted to NazCO,*H,O, 


As scen from Table 3 and igure 3, the thermograms of the samples of 11ayCO, Investigated show not. 
only the previously known thermal effects characterizing phase transitions at 340-360 and 470-485", but also 
an endothermic effect at 560-588 or 620° (depending on the teatinent of the sample) corresponding to a third 
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TABLE 3 


Temperatures of the Phase Transitions of NazCO, In Relation to the Previous History of the Sample 


Sample! Previous history of sample Teimperatuce of thermal effecss in °C 
dehydration y 4) fuslon 
of Na,CO, tansi- | transi- | transi- 
don don don 
1 Remelted or dried at 140° a a 350 415 538 850 
2 Calcined at 590° for 2 hours ” ~ 250 485 620 850 
3 Sample No. 2 after three days storage in box = - 350 480 630 850 
4 Calcined st about 650° for 2 hours - = 350 485 - 850 
Ss Stored about a year in a Jar with a ground 
glass stopper 4 185 340 470 560 850 
6 Stored more than a year open to the alr 80-120 245 350 455 585 850 
Litcrature data 95-109 340 470 850}/2) 
350 | 475 roe 
| - 360 |. 480 850 (1) 


polymorphic transformation of sodium carbonate from the y- te the §-form, previously undescribed In the 
Uterature, We first established this phase uansition of Na,CO, by the x-ray powder method, at described above 
with an exposure in the high-temperature camera, The observed divergence in the temperatures of the phase 
transitions as determined by the x-ray and the thermal methods fs caused, apparently, by the different heating 
rate, by the difference in grain size, and also by the previous history of the sample. 


Thus, as a result of our investigation there were obtained new data on the polymorphism of anhydrous 
sodium carbonate. By means of x-ray and thermal methods were established: 


1, The existence of Na,CO, in four crystalline forms in the temperature Interval from room tempcra- 
ture to the melting point; 


é &) a-Na,CO, — the low temperature modification which exists to 340-350"; 
b) B -Na,CO, — exists in the temperature interval from 340-350 to 470-485"; 
c) y -Na,CO, — exists in the Interval from 470-485 to 565-620"; 

d) &-Na,CO, — the high temperature modification existing above 560-620", 


I, The temperature ranges {n which the phases exist depends on the weatment of the sodium carbonate 
samples. 


2. A change In the crystal structure with the phase transidion from the a- to the B-form at 340-350", 
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